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ACADEMIC FREEDOM AND 
CIVIL RIGHTS 


DDRESSED more specifically to the general 
reader than Prof. Walter Gellhorn’s “Security, 
Loyalty and Science”, which was concerned particu- 
larly with the effect of the so-called security measures 
upon scientific recruitment and research, Mr. Barth’s 
recent book, ‘“The Loyalty of Free Men’’*, is an excel- 
lent complement to the earlier volume. It has chap- 
ters, indeed, on science and secracy and on the univer- 
sities and intellectual freedom, in which Mr. Barth, a 
distinguished leader writer of The Washington Post, 
fully substantiates Prof. Gellhorn’s argument with 
fresh evidence from the proceedings under the 
American loyalty programme and of the Federal 
Board of Investigations. Mr. Barth’s findings are in 
general confirmed in a foreword by Prof. Zechariah 
Chafee, of the Harvard School of Law. 

These issues are incidental to Mr. Barth’s main 
purpose, which is to rouse the American public from 
the relative complacency with which it has watched 
the Committee on un-American Activities and the 
Federal Board of Investigations not merely endanger 
academic freedom and stultify scientific research, but 
even the very liberties that the ‘fathers’ of the 
American Republic were most concerned to establish. 
He examines in its widest context the inroads upon 
civil liberties of all kinds that have resulted from 
activities prompted by agitation about the dangers 
of Communist activity in the United States, and the 
way in which the real but limited problem of espionage 
and sabotage has become confused with a much wider 
attempt at the suppression of political activity or 
thoughts that are construed as even potentially 
subversive. He has himself no tenderness towards 
Communism ; he is well aware of the danger inherent 
in the fact that the Communist’s first loyalty is not 
even to the academic discipline in which he may have 
been trained. 

Nevertheless, Mr. Barth is convinced that the 
problem is not a political one but one of counter- 
intelligence, and that the danger can be averted by 
rational security measures that violate neither civil 
liberties nor resort to extra-legal sanctions. The law 
is competent, he believes, to deal with overt acts of 
spying or sabotage, and he is prepared to advocate 
the abandonment of the whole loyalty programme as 
a betrayal of democracy, and to rely on the judgment 
and commonsense of academic and departmental 
authorities in choosing their staff. He would trust 
them to select and keep the right men to work with 
them, observing that such administrators want able 
and trustworthy subordinates and can be counted 
upon to exercise ordinary prudence in selecting them. 

This policy is admired as wise counsel by Prof. 
Chafee, although he regards it as unlikely to be 
heeded at present in the United States. A major 
criticism of the book is, indeed, that the contrasts are 
drawn a little too sharply, and a British reader could 
well be left unaware of the large body of progressive, 
kindly and intelligent American citizens who are 


*The Loyalty of Free Men. By Alan Barth. Pp. xxxi+253. 
(London: Victor Gollancz, Ltd., 1951.) 16s. net. 
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seriously disturbed and in doubt about the issue. It 
could also be argued that the author makes too much 
of the numerical weakness of the Communists in the 
United States. He may be right in his conclusion 
that, oven if the Communists had been much more 
successful, they could not have done a fraction of the 
harm already done to the United States by the kind 
of measures employed to combat them. In their 
tactics since Lenin, Communists have not counted on 
being anything but a minority, and a British reader, 
remembering the cases of Fuchs and Pontecorvo, will 
not be inclined to be complacent or to accept without 
question the adequacy of our own security tactics 
and intelligence system. 

For all such reservations, this readable book is 
important. It relates to first principles what is taking 
place in the United States, and displays clearly the 
relevance of American experience to the situation else- 
where. The book abounds in matarial which the man 
of science anywhere can use in formulating his defence 
against encroachments on his own liberties. Even if 
Mr. Barth’s rejection of the loyalty programme is too 
forthright, his reasons are cogent and give explicit 
warning of dangers against which real caution is 
essential. 

The loyalty programme, Mr. Barth argues, has 
failed to achieve either of its two main objectives : 
it has neither removed public anxiety about the 
infiltration of disloyal persons into government 
service, nor protected loyal employees of the govern- 
ment from unfounded accusations of disloyalty. It 
has been responsible for many instances of individual 
injustice through the disregard of the procedures of 
fair trial, and among the indirect effects are the 
enforcement on the Civil Service of the United States 
of a level of mediocrity and conformity that has 
already made the Service less attractive to men and 
women of the quality that were entering it twenty 
years ago. The effects on the morale and efficiency 
of the Civil Service are already serious, and in this 
judgment Prof. Chafee fully concurs. 

The craze for ‘security by secrecy’, with the atmo- 
sphere of perpetual distrust engendered, have equally 
disastrous effects where science is concerned. The 
security investigations involved in application for an 
appointment to a ‘classified post’ and the conse- 
quences of possible rejection are a real deterrent to 
applicants of first-rate ability. The injuries suffered 
by individual workers, involving even the ruin of a 
career, are not negligible. Little is contributed to 
security, and the procedures involve a waste of 
scientific talent comparable with that caused in 
scientific work by the whole atmosphere of suspicion 
and unimaginative barriers to circulation of informa- 
tion. 

In the same manner, Mr. Barth discusses the issue 
of academic freedom. Here again his approach is 
pragmatic : the emphasis is on the practical value of 

freedom. He applies the Jefferson principle that in a 
university we should not be afraid to follow truth 
wherever it may lead, or to tolerate error so long as 
reason is left free to combat it. Security of tenure 
is simply a means for the maintenance of academic 
freedom: it enables a teacher to follow the truth as 
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he sees it without fear of losing his job. Unless he 
does that, he cannot command the respect of students 
or give society the full benefits of research. If ho 
does so follow the truth, it is inconsistent and illogical 
to suppose that he will be any less vigilant in upholding 
the tradition and ideals of academic freedom against 
the insidious assault of those within the walls who 
countenance intellectual dishonesty, than in defend- 
ing those traditions when necessary against the 
misguided zeal of those outside who purport to 
defend democracy. 

It would not be easy to improve upon Mr. Barth’s 
exposition of the importance of academic freedom 
and its dependence upon the security and functioning 
of democratic institutions, and he is fully supported 
by Prof. Chafee. The distinction between justifiable 
caution in admitting to a university post an avowed 
Communist, and the according of security of tenure 
to a member of a faculty, no matter what his opinions, 
once his work as a teacher has won him permanent 
status and while his academic duties are discharged 
thoroughly well, is made clear. The consequences of 
enforcing conformity are made unmistakable, and 
here again the book adduces welcome evidence of a 
stand against political encroachments being made 
in some universities and of their appreciation that the 
corollary of freedom is responsibility, and that only 
effective self-criticism can avoid external interference. 

The greatest danger to freedom at the present time 
lies “‘in insidious encroachment by men of zeal, well- 
meaning but without understanding”. That remark 
by Mr. Justice Brandeis is well illuminated by 
Mr. Barth’s book. The loyalty programme and the 
security measures are exactly such encroachments, 
overthrowing the values which the Federation of the 
United States was constituted to secure. They ignore 
the truth that security is relative, not absolute, that 
risk must be brought into rational balance with the 
ends which security is supposed to serve, and that 
the government of a free people must take certain 
chances for the sake of maintaining freedom, pre- 
cisely because it values freedom. Encroachments on 
liberty imposed on a few for ostensibly valid reasons 
are liable to be extended to the many. The surrender 
of the film industry to threats to freedom of expression 
is aptly cited by Mr. Barth to illustrate the whole 
point about a prompt and early stand. 

“Progress in the arts, in the sciences, in the patterns 
of social adjustment,” claims Mr. Barth, “springs 
from diversity and depends upon the tolerance of 
individual deviations from conventional ways and 
attitudes.” The methods at present being used in 
the United States in the name of security are inefii- 
cient, wasteful, and sometimes ineffective ; they are 
also detrimental to the real security and strength of 
the nation by sapping the vitality and creative effort 
upon which survival really depends. There may be 
certain factors which contributed in the United States 
to the spread of emotionalism and the demand for 
the orthodox in academic institutions, such as the 
proprietary influence, nected by Mr. Barth, char- 
acterizing most of the younger American colleges. 
But the hope for a free world deperds largely on the 
fearless repudiation of all those influences which sap 
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the vitality of free institutions and on the strength- 
ening and fostering of all that makes for positive 
achievement. 

What matters is that the lessons to be learnt from 
the experience in the United States described so 
vividly by Mr. Barth should be applied to prevent 
like mistakes in Great Britain and elsewhere. The 
recent episode of the withdrawal of the passport of 
Dr. E. H. 8. Burhop, a lecturer in the University of 
London, suggests that necessary regulations in 
Britain are neither always framed with imagination 
and understanding of the real issues nor invariably 
interpreted with common sense and administered 
with courtesy. The case was parallel with the 
obtuseness to human issues which is one of the worst 
features of American loyalty investigations. There 
may well be room, as Dr. Burhop reasonably sug- 
gested, for some further investigation of the question 
of travel rights, and the bearing of such rights on 
scientific work might engage the attention of the 
Society for Freedom in Science. 

Too great caution cannot be observed in regard to 
any such infringement of academic freedom or of the 
civil liberties of scientific workers. Recently some 
attention has been directed to a position which has 
developed in Australia, apparently in consequence of 
a similar dependence upon the State or upon private 
benefactors for support of the universities to that of 
American colleges and universities noted by Mr. Barth. 
The Vice-Chancellor of the University of Adelaide, 
Dr. A. P. Rowe, has pointed out that the statute 
barring professors (and only professors) from becoming 
members of Parliament or members of political 
associations is as old as the University itself; know- 
ledge of its existence came as @ surprise to him and 
most of his colleagues, and it appears to be in 
desuetude. The Registrar of the University of 
Western Australia has stated that a corresponding 
clause in that University’s general regulations, which 
applied also to lecturers, was dropped last year. 
Dr. Rowe himself believes that the Council of the 
University of Adelaide would be willing to remove 
the statute in question if any feeling on the matter 
existed among the staff. 

Adelaide and Melbourne are the only two out of 
Australia’s eight universities whose statutes include 
such a clause, although the University of Sydney 
requires a professor to resign on being elected to 
Parliament, and a clause requiring resignation on 
election to Parliament is being included in the 
contracts of all members of its academic staff by the 
new Australian National University at Canberra. The 
statute in the constitution of the University of 
Melbourne was enacted in 1859 in the face of vigorous 
opposition by the professorial staff, and the clause was 
presumably copied into the statutes of the University 
of Adelaide when that University was founded in 1874. 
The matter was brought to notice by Prof. J. B. 
Cragg’s recent withdrawal of his acceptance of his 
appointment to the chair of zoology at Adelaide. 
That Prof. Cragg is right in holding this statute to be 
a serious infringement of the rights of the individual 
is sufficiently demonstrated by the reported statement 
of the Vice Chancellor of the University of Melbourne, 
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that the restriction is necessary for a university largely 
dependent on the State, and that for an independent 
university it would be entirely different. It is not 
suggested that the clause has hitherto been admin- 
istered illiberally, and Prof. Cragg was prepared to 
state that he would resign his professorship if elected 
to Parliament. Nevertheless, in unscrupulous hands 
the restraint, particularly against membership of a 
political association, could be used to do much damage 
to academic freedom ; and misgivings regarding oper- 
ation of the clause will be encouraged by the disclosure 
that the Council of the University of Melbourne is 
considering new rules to control political discussion. 

This is, of course, primarily an Australian matter 
and has already provoked outspoken comment in the 
Melbourne Argus and protests by students. It is 
well, however, that it should be known that there is 
no sympathy in Great Britain for such inroads into 
academic freedom. As the Vice-Chancellor of the 
University of Melbourne has revealed, what is 
involved is a general attitude of mind, and it is 
against this rather than one particular statute that 
Prof. Cragg made his stand. It is wrong to deny 
to a professor the ordinary rights of a citizen, and 
university authorities betray the traditions of 
scholarship when they fail to recognize the differences 
between a professor pronouncing ex cathedra on his 
own subject and the same professor deciding to 
support one political party rather than another 
outside the walls of his university. 

Beyond this, it is plain that some politicians and 
businass men in Australia are attempting to enforce 
orthodoxy and eliminate thoughts they regard as 
dangerous by withholding university funds. No true 
university can tolerate such interference without 
losing its soul. It is to be hoped that university 
teachers in Australia will show something of the 
turbulence of the old medieval universities when 
academic privileges and rights were invaded. If they 
do, they can be assured of the firm support of 
their colleagues elsewhere in the Commonwealth ; 
scientific men and technologists, who to-day are 
rightly held as particularly responsible for maintaining 
the freedom of the studium or campus against outside 
interference, have already shown by their concern 
over the new status of the Australian Commonwealth 
Organization for Scientific and Industrial Research 
an appreciation of the importance for full freedom 
for scientific advance. 


A CLASSIC IN PHYSICS REVISED 


A History of the Theories of Aether and Electricity 
The Classical Theories. By Sir Edmund Whittaker. 
Revised and enlarged edition. Pp. xiv-+ 434. (London 
and Edinburgh: Thomas Nelson and Sons, Ltd., 
1951.) 32s. 6d. net. 

HIS is a revised edition of the well-known book 

published in 1910 under the title ‘“‘A History of 
the Theories of ASther and Electricity from the Age 
of Descartes to the Close of the Nineteenth Century”’. 
The only reason the earlier book is not even better 
known to the present generation of scientific workers 








1054 


than it is, is that it has been out of print for so many 
years. Indeed, many of the present generation who 
recognize its author as one of the very foremost of 
living mathematicians and almost certainly the most 
versatile, and also as one who in recent years has 
earned an additional reputation as an authority upon 
the philosophy of physical science, may scarcely 
realize that he had so long ago established himself 
also as the leading historian of the theories here 
considered. 

These are the theories that, historically, led to the 
development of relativity and quantum theory during 
the present century. It has been no secret that Sir 
Edmund Whittaker has for many years contemplated 
not only a revision of his earlier book but also a second 
volume dealing with these subsequent developments. 
His retirement from the chair at Edinburgh and the 
consequent leisure required for this formidable 
undertaking were delayed by the Second World War. 
Also, most will appreciate that the ‘leisure’ of retire- 
ment in pest-war conditions is far from being of the 
sort to which he must have looked forward. Rarely 
can a self-imposed obligation have been more 
resolutely pursued and eventually so faithfully 
fulfilled. It is assuredly a very rare event for the 
author of a major work himself to prepare a revision 
forty-one years after its original publication. 

Sir Edmund states, ‘““The volume of 1910 has been 
to a considerable extent re-written, with the incorpora- 
tion of much additional material”. The re-writing 
is most extensive in Chapter 1, in Chapter 12 on 
‘Classical Radiation-Theory’’, which is entirely new, 
and in Chapter 13, which corresponds to the original 
Chapter 12. This last now includes, for example, an 
account of Whittaker’s own demonstration in 1904 
that a general electromagnetic field may be described 
by two scalar-potentials instead of a scalar- and a 
vector-potential, and a fuller account than before of 
the Zeeman effect, while it omits the previously given 
introduction to special relativity, which is now 
naturally deferred to the second volume. Elsewhere, 
the text of the earlier book is largely preserved, though 
with the insertion of fresh paragraphs and footnotes. 
The fact that, besides mentioning other works that 
have appeared since 1910, these contain many new 
references to original sources—thus considerably 
lengthening the already awe-inspiring earlier ‘Index 
of Authors Cited’’—demonstrates the thoroughness 
with which Sir Edmund has reviewed all that he had 
previously written. 

As is very well known, it was not until the work of 
Maxwell and his immediate successors in the second 
half of the nineteenth century that the electromag- 
netic nature of light came to be established. But if, 
anticipating this development, the theory of radiation 
is included, the history of the theories of «ther and 
electricity can be given in a coherent and adequately 
self-contained fashion. This is what Sir Edmund does. 
It is, of course, the story of fundamental physical 
science, and it could easily expand itself into the 
whole history of physical science. But he is brilliantly 
successful in keeping the emphasis upon his main 
themes, while at the same time making the reader 
aware of important concurrent developments bearing 
upon them or affected by them. 

Descartes ‘‘was the first to bring the «ther into 
science’, and the book effectively begins with the 
exposition of his ideas and then, in the first chapter, 
reviews the theory of the «ther up to and including 
Newton’s concepts and his work on light. The next 
two chapters trace the history of electricity and 
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magnetism up to Green’s introduction of the electro. 
static and magnetostatic potentials and to Ohm’ 
work on electric currents. Then the history of the 
wther is taken up again in a chapter on the period from 
Bradley to Fresnel, and another on theories of th. 
wther as an elastic solid. The history of electricity ang 
magnetism is resumed in a chapter devoted pringj. 
pally to the discoveries of Faraday, followed by three 
(with one on “Models of the Ather” interposed 
mainly about the mathematical developments leading 
up to the work of Maxwell, about that work itself, ang 
about the work of his followers. The experimental] 
work after Faraday up to Thomson’s discovery of the 
electron is then described. Chapter 12, already men. 
tioned, is effectively a description of the empirical 
work on spectral series and the empirical and thevreti. 
cal work on black-body radiation that later led to the 
discovery of quantum phenomena. The final chapter 
centres round the Lorentz electron-theory of optical 
phenomena and of electric and thermal conduction, 

; Besides giving a clear statement of the experimental 
discoveries, upon which the theories were founded, 
and a most penetrating account of the physical 
concepts employed, Sir Edmund in his book actually 
re-derives in outline the mathematics of these theories. 
Thereby he not only provides a much more precise 
account than would otherwise have been possible, 
but also he is able to display the general forward 
march of the achievements far more clearly and to 
demonstrate the relations between various contribu- 
tions far more concisely. In this way, too, he succeeds 
in showing the importance of work such as Weber's, 
which played an essential part in the _ historical 
development without itself remaining as a permanent 
feature of accepted theory. 

Sir Edmund Whittaker has recorded a monumental! 
amount of scholarly information. But what he has 
above all succeeded in doing, possibly more than any 
other historian of science, is to impart a comprehen- 
sive and authentic impression of that wherein the 
great pioneers were truly great. He enables us to see 
their work, with its lack of precedents, against the 
background of strangely assorted experimental data 
and of contemporary conflicting general physical 
concepts, and to see how they yet contributed each 
his share to what we are bound to recognize as 
permanent progress. No better factual account 
exists to show how hardly won that progress has 
been. W. H. McCrea 




















GENETICS AND ANTHROPOLOGY 


Genetics and the Races of Man 
An Introduction to Modern Physical Anthropology. 
By Prof. William C. Boyd. Pp. xvii+453. (Oxford: 
Blackwell Scientific Publications, Ltd., 1950.) 30s. 
net. 

N the present state of development of physical 

anthropology, this book must be accounted of 
particular interest. It is not the guide to the whole 
field of modern physical anthropology which the sub- 
title may suggest; nevertheless, it provides a 
thoroughgoing introduction to that large section of 
the subject which at the present time is undergoing 
rapid progress, that is to say, the analysis, through 
genetics, of human diversification, evolutionary and 
racial. The book fully justifies Prof. W. C. Boyd in 
his claim that human genetics has advanced to the 
point where it has rendered totally inadequate the 
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hitherto accepted classification by superficial pheno- 
typic or ‘morphological’ criteria, an approach 
which for the most part leaves unspecifiable the 
degree of innate relationship between human groups. 

This exposition by Prof. Boyd will do much to 
ensure henceforth the primacy in racial anthropology 
of genetic method. For this approach provides, 
through the enumeration of the frequency of identi- 
fiable genes in different populations, an entirely 
objective assessment of genetic relationship. More- 
over, it allows some insight into the likely mechan- 
isms et work in human differentiation, taking into 
account the operation of such factors as population 
size, systems of mating, isolation and selection. Thus 
the origins of modern racial groups, the rate and 
extent of admixture, and the significance of ‘clineal’ 
and other modes of geographical distribution can all 
be understood as dynamic and historical processes. 
By the older method, despite statistical refinement, 
the analysis of these phenomena cannot rise above the 
descriptive level. The basis of these new advances 
lies, of course, in the comparatively recent discovery 
of new blood-group systems, the elucidation of their 
hereditary mechanism, and the application of the 
evolutionary principles formulated by Haldane, 
Fisher, Wright and Huxley. All these topics, both in 
their genetic and mathematical aspects, are dealt with 
satisfyingly by Prof. Boyd. Some readers, however, 
may find the chapter on the elements of genetics too 
skimped; there is, for example, insufficient dis- 
cussion of multiple factor inheritance. 

Prof. Boyd has found it possible to demarcate six 
human groups as racial or sub-specific entities on a 
strictly genetic basis without reference to any of the 
older criteria such as hair shape or skin colour. This 
alone shows that a complete re-orientation in physical 
anthropology has been effected. But is Prof. Boyd 
doing the subject a service in the castigation he 
metes out to some of the older workers who have been 
somewhat slow to appreciate that their concepts are 
becoming outmoded ? Much of his criticism seems 
unnecessary in order to establish the scientific super- 
iority of the genetic approach. The new reader in this 
introduction is likely to obtain a distorted imipression 
of past work in racial physical anthropology. He will 
certainly fail to appreciate, for example, the great 
contribution represented by the statistical biometry 
of the Pearson School, even if one admits the weak- 
nesses to which Prof. Boyd directs attention. It is 
only fair, also, to insist that in the past reasonably 
good use was made of the only information which 
human genetics could offer until quite recently, 
namely, that derived from the ABO blood-group 
system. Prof. Boyd does not really make it plain 
enough that, while data using identifiable genes such 
as the blood-group genes have become a sine gua non 
of anthropological field-work, there are many good 
reasons why information on other characters of imper- 
fectly known or even unknown genetic constitution 
should continue to be collected. The hereditary basis 
of some of these is bound in time to be clarified, as has 
happened recently tosome extent in the case of a poly- 
genetic feature such as body build. In any event 
there are many other legitimate uses in anthropology 
to which such data can be put. 

This lack of perspective is a blemish in.an otherwise 
excellent book. It invites the further comment that 
Prof. Boyd, like some of those he severely criticizes, 
does not quite avoid a tendency which should be 
guarded against in physical anthropology—the undue 
preoccupation with racial classification as such, 
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which carries with it the danger of making taxonomy 
an ultimate aim of the subject. There are signs that 
physical anthropology to-day is slowly freeing itself 
from this long-standing obsession and is taking as its 
task the whole biology of man in its social and natural 
context. Racial and genetic constitution is a very 
important aspect, but yet only a part, of the variabil- 
ity and adaptability which, in relation to the activity 
and efficiency of human groups, it is the task of 
physical anthropology to elucidate. 
J. S. WEINER 


EDUCATION FOR MARRIAGE 


Marriage 
A Book for the Married and the About to be Married. 
By Kenneth Walker. (Published for the British 
Social Biology Council.) Pp. xii+136. (London: 
Secker and Warburg, Ltd., 1951.) 8s. 6d. net. 

HE author, who is a distinguished genito- 

urinary surgeon and is also well known for 
contributions of a more philosophical kind to the 
field of biology, has taken the model of a guidebook 
for those about to be married and has transformed 
it into something much more rich and interesting. 
Prejudices on the subject of human sexual behaviour 
are so strong that it must be the greatest temptation 
to avoid controversial issues when writing a book 
meant to be read by all and sundry. Mr. Walker 
evades none of the difficult points, deals with them 
with frankness and courage, and does not gloss over 
his personal views, however unconventional he may 
feel them to be. When discussing pre-marital con- 
tinence, for example, he points out that in Western 
societies the average age at marriage has been 
steadily pushed back until it is now about thirty. 
“This means that for at least a dozen years young 
people are compelled to suppress an instinct which is 
only second in intensity to that of self-preservation.”’ 

No reversal of this tendency to postponement can 
be expected. Every individual must find his own 
answer to the problem he is set in this way. It is 
one thing to be restrained from pre-marital sexual 
relations by genuine convictions ; but quite another 
to be held back by mere fears, fears of women and 
sexuality in general, fear of scandal, fear of being 
found incompetent, fear of going too far. “It is these 
youths, outwardly continent and inwardly unchaste, 
who are likely to develop a neurosis in the course of 
their struggles.” 

The author points out that in his treatment of this 
and other difficult topics in the course of the book 
he does not speak for its sponsors, the British Social 
Biology Council, but for himself alone. 

From the first chapter, on marriage and the family, 
including their biologicahk and social justifications, to 
the last, the wider aspects of the theme are tackled 
with vigour and from a strongly personal point of 
view. The result is a book which is marked by the 
personality of the author, is stimulating and refreshing 
to read, and will surely compel the intelligent reader 
to do some thinking on his own account. The more 
purely factual matter—the anatomical and physio- 
logical discussion of sexual function—is, of course, 
expert and accurate. On territory which is factually 
less safe, there will certainly be readers who will be 
provoked to differences of opinion, not only on 
religious but also on anthropological and sociological 
grounds. E.ioT SLATER 
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Remington’s Practice of Pharmacy 
A Treatise on the Preparing, Standardizing and Dis- 
pensing of Official, Unofficial and Extemporaneous 
Pharmaceutical Products, with Descriptions of Medi- 
cinal. Substances, their Properties, Uses and Doses. 
Tenth edition, by Dr. E. Fullerton Cook and Dr. 
Eric W. Martin. Pp. xii+ 1616. (Easton, Pa.: Mack 
Publishing Co., 1951.) n.p. 

HIS is a new edition of a standard work, one of 

the editors being Dr. Fullerton Cook, who was 
chairman of the Committee of Revision of the Phar- 
macopeia of the United States for thirty years. It 
deals with the whole art and science of pharmacy, as 
it is practised in the United States. After a general 
section on such themes as history and ethics, it de- 
scribes the technical operations used in the laboratory 
and the factory: About eight hundred pages are 
devoted to descriptions of the substances and prepara- 
tions used as drugs, including all those which are 
official in the United States and many unofficial ones. 
This edition includes valuable sections on the uses of 
drugs contributed by Prof. L. 8. Goodman, of Salt 
Lake City. 

The field covered is reasonably. up to date, but it is 
curious to note how American practice differs in 
details from British practice ; for example, the list of 
antihistamines contains more than fifty preparations, 
but promethazine does not appear to be mentioned 
even under the guise of some other name. The section 
on testing and analysis contains an interesting article 
on statistics by Lila F. Knudsen. There are sections 
on the laws governing pharmacy, on professional 
details such as furniture, first aid and contraceptives, 
on business methods, on the art of perfumery and the 
treatment of poisoning. 

This bulky book appears to contain almost all that 
the American pharmacist needs to know. Ten editions 
have appeared at irregular intervals during sixty-five 
years, and the last interval was only three years. The 
book evidently continues to serve a useful function 
after all this time. J. H. G. 


Physical Chemistry, Experimental and Theoretical 
An Introductory Text-book. By Dr. G. Van Praagh. 
Pp. xiv+ 295. (Cambridge : At the University Press, 
1950.) 15s. net. 
LTHOUGH called experimental and theoretical, 
this book is mainly a laboratory manual of 
physical chemistry. A certain amount of theoretical 
matter, discussing and integrating the principles 
illustrated, is adroitly blended with the groups of 
experiments. This is a good practice and helps to 
promote a mastery of the subject. 

In selecting his experiments, Dr. G. Van Praagh 
has carefully kept in mind the limits of time and 
apparatus usually found in schools. Moreover, he has 
tried out the whole of the two hundred experiments 
described. These cover the states of matter (including 
the colloidal state), atoms and molecules, solutions, 
adsorption, chemical change, mass action, ionic 
dissociation, phase reactions, and electrochemistry. 
The informative value of the experiments chosen, the 
good distribution over various topics, and the balance 
kept between the easy and difficult, all combine to 
make this an excellent book for use in colleges and 
the advanced forms of schools. 

My only adverse criticism is not of the method or 
contents but of the author’s attitude to his indebted- 
ness for information. He does not state why he only 
occasionally mentions the originator of an experi- 
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ment; for many of his experiments are taken froin 
other instructional books, and in some of these 
books they are described for the first time. Yet 
Dr. Van Praagh makes no mention of permission 
in the preface or acknowledgment in the text. 

G. Fow.es 
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Cumacés 
Par Prof. Louis Fage. (Faune de France, 54. Fédéra.- 
tion fran¢aise des Sociétés de Sciences naturelles - 


Office central de faunistique.) Pp. iii+136. (Paris; 
Paul Lechevalier, 1951.) 1200 francs. 
HE latest publication in the well-known ‘‘Faune 


de France” series, No. 54, is by Prof. Louis Fage 
and deals with the crustacean order Cumacea. he 
name Cumacea, given by Kréyer in 1846, was based 
on the genus Cuma established by Milne-Edwards in 
1829 for C. audouini ; but the name is preoccupied by 
Cuma for a molluse given by Humphrey in 1797. In 
spite of suggestion by Stebbing in 1900 that the order 
should be renamed Sympoda, it is still more general, 
as in the present work, for the older name to be used. 
For forty-three years C. audouini remained the only 
species of the order known from France; _ but the 
present work deals with sixty-seven valid species from 
France after excluding doubtful records, and, as the 
author suggests, more of these small forms are likely 
to be added as time goes on. : 
The first twenty-two pages provide an account of 
the structure, biology and other general matters ; the 
remainder is devoted to systematics. The latter 
includes useful keys of the descending categories 
down to species and a full, diagnostic description of 
each species. The brochure is illustrated with 109 
text-figures, many of which contain a number of 
individual drawings. While not incorrect under the 
International Rules, the reviewer considers it prefer- 
able to follow the general practice of writing the 
trivial name with a small initial letter when it is 
derived from the name of a person. 


Die botanische Buchillustration 


Ihre Geschichte und Bibliographie. Von Claus 


Nissen. Band 1: Geschichte, Lieferung 2. Pp. 81 
160. Band 2: Bibliographie, Lieferung 2. Pp. 81- 


160. (Stuttgart: Hiersemann Verlagsgesellschaft 


m.b.H., 1951.) n.p. 


HE second parts of the two volumes follow the 

lines of the earlier parts. The author and pub- 
lishers are to be congratulated on their speedy appear- 
ance, and the hope may be expressed that publication 
will soon be completed. This part of the first volume, 
dealing with the history of botanical book illustration, 
completes the chapter on what is termed the baroque 
period and then passes on to the modern period 
which, starting with Robert Morison, ends with issues 
of King Penguins and Pelicans. Pride of place is 
given in this period to British publications, although 
some of the best botanical artists whose work is 
discussed were not of British birth, as, for example, 
Ehret and the Bauer brothers. The second part of the 
second volume, dealing with bibliography in alpha- 
betical order, carries on from He to Sa, As in the 
first part, one notes some surprising omissions. For 
example, under Prain there is no reference to the fine 
work by Prain and Burkill on the genus Dioscorea 
in the East, published in the Annals of the Royal 


Botanic Garden, Calcutta, 1936, while Vol. 2, 
“Monocotyledons” (1934), of J. Hutchinson’s 
“Families of Flowering Plants” is also omitted. 
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A NEW HYPOTHESIS 
By Dr. R. C. RAINEY 


Desert Locust Survey Headquarters, Nairobi 


IGRATING locust swarms have attracted 

attention since the earliest times, and recent 
evidence has fully established the spectacular nature 
of some of these movements. Thus, following the 
heavy locust breeding experienced on the Red Sea 
coast of Saudi Arabia between February and April 
1950, the first wave of desert locust (Schistocerca 
gregaria Forsk.) swarms to reach the Nile valley 
during the present plague appeared near Atbara 
on May 17, 1950, and were reported in Darfur, some 
seven hundred miles away to the west-south-west, 
fifteen days later. A detailed examination of the 
evidence leaves little doubt that these swarms had, in 
fact, originated on the Arabian coast, and that it was 
some of the same swarms which afterwards reached 
the Ouaddai area of French Equatorial Africa in 
mid-June, representing a total net displacement of 
some 1,300 miles in about a month. An illustration 
of the distance which may at times be covered in a 
single flight is provided by two well-documented 
records of numbers of desert locusts coming on board 
ships in the Atlantic some 1,200 miles from the 
nearest land’, 

The importance of the wind in the dispersal of air- 
borne insects in general has often been stressed 
(ref. 3, etc.), and the part played by the wind in 
such swarm movements as those mentioned is 
indicated by the off-shore wind, which reached gale 
force at times, associated with the only one of these 
ccean records for which adequate weather data are 
available*, and by the fact that certainly the greater 
part and probably the whole of the movement across 
the Sudan during May-June 1950 took place down 
the north-east monsoon. Moreover, while prolonged 
flight has been regarded®* as characteristic of the 
behaviour of gregarious adult locusts, field’** and 
laboratory®'® determinations of the air-speed of 
flying locusts over a considerable range of conditions 
have given mean values ranging from 7 to 11 m.p.h., 
which at once set very modest upper limits to the 
wind-speeds against which swarms may be expected 
to be capable of making headway. 

Furthermore, while there are a number of records 
of locusts landing into the wind, and turning out of 
winds in excess of flying speed (probably both 
optomotor reactions*), and of taking off into wind 
(probably involving the aerodynamic sense-organ’*"'), 
field observations have so far failed to find any fixed 
and consistent orientation of flying locusts to potential 
orientating factors such as wind and sun. Thus, in 
winds of less than the probable air-speed of the 
locusts, up-wind, down-wind and cross-wind orienta- 
tions are all observed®?*!*, Moreover, a swarm failing 
to maintain any persistent orientation, either circling 
(a form of swarm movement not infrequently seen), 
or even changing course sufficiently frequently at 
random, would also be displaced down-wind. On 
this evidence, swarm movements in directions other 
than down-wind would appear likely to be of limited 
extent, of the order of a few miles a day, and to 
occur only in areas and seasons of light winds. 

This is in general agreement with most of the 
regular major seasonal movements of swarms so far 





described in, for example, the Indo-Pakistan area'* 
and eastern Africa®, which take place down the corre- 
sponding prevailing winds, and change direction with 
them. Furthermore, certainly some of the exceptions 
to this generalization, and possibly all, may well 
represent movements down non-prevailing winds. 
Thus perhaps the most striking of these exceptions 
is the northward movement of swarms in spring to 
the countries of North Africa and the Middle 
East*!*15, against the direction of the corresponding 
prevailing northerly winds. At this season, however, 
all the territories concerned, from Morocco to 
Baluchistan, are intermittently affected by depres- 
sions, moving eastwards and characterized by the 
temporary interruption of the northerlies by warmer 
winds from a southerly quarter’, the subsequent 
re-establishment of the cooler northerlies often taking 
place at a well-marked cold front!7»'®!®, An associa- 
tion between the arrival of swarms in Egypt and the 
passage of depressions has long been recognized*®, 
and an example of a similar association was provided 
by the heavy invasion of Tripolitania in early 1951 ; 
the main wave of swarms arrived during January 
29-30, with- the strong south-westerly winds that 
developed ahead of the primary cold front of one of 
the deepest and most active depressions of the 
winter. Rao?! has similarly attributed northerly and 
north-easterly swarm movements in spring in 
Baluchistan to down-wind displacement in the warm 
sectors of passing depressions. The higher tem- 
peratures associated with the southerly winds in the 
warm sectors of such depressions thus appear to 
operate as a ‘rectifying factor’, favouring displace- 
ment in a northerly direction. A further example of 
a frequently recorded swarm movement which prob- 
ably takes place down a non-prevailing wind is 
provided by the swarms landing on the north coast 
of the Somali peninsula during the south-west 
monsoon. Such swarms have been shown”? to be 
probably mainly of local origin, returning with the 
well-marked afternoon sea-breeze characteristic of 
this area and season, after having been swept out to 
sea by the strong morning monsoon. 

It has accordingly been found useful to examine 
some of the meteorological implications of down- 
wind movement. A synoptic chart, recording simul- 
taneous observations of weather over a wide area, 
demonstrates areas of convergence, across the 
boundaries of which surface winds show a net excess 
of inflowing air over outflow, and within which the 
overall vertical motion of the air is one of ascent ; 
and areas of divergence, across the boundaries of 
which outflow exceeds inflow, and within which the 
overall vertical motion of the air is one of descent. 
Convergence is an essential factor in the production 
of widespread heavy precipitation, while divergence 
is generally associated with fair weather; and the 
recognition and characterization of such areas is 
accordingly an essential step in the process of weather 
forecasting. Examples of areas of convergence affecting 
regions invaded by the desert locust are the Inter- 
tropical Convergence Zone (refs. 23, 24, etc.), between 
trade-wind and monsoon currents originating on 
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. The Intertropical Convergence Zone and the distribution of desert locust swarms, July 12-31, 1950 


opposite sides of the equator, associated with the 
‘short’, ‘long’ and ‘monsoon’ rains of most of Africa 
and India; the westerly depressions already men- 
tioned which give the winter and spring rains of the 
Mediterranean and Persian Gulf (ref. 16, etc.) ; and 
the semi-permanent front, between north-westerly 
and south-easterly winds, associated with the winter 
rains of the central and southern Red Sea (refs. 17, 
25). Now, in general, winds within a few thousand 
feet of the earth’s surface may be regarded ulti- 
mately as blowing from areas of divergence to 
areas of convergence; and displacement down-wind 
may therefore be expected to result in movement 
sooner or later into areas of convergence. It is 
therefore suggested that the major displacements of 
locust swarms take place towards areas of con- 
vergence, and that swarms may in general be expected 
to collect in the vicinity of such areas. 

This hypothesis may readily be tested by a com- 
parison of swarm records with the corresponding 
current synoptic charts. In dealing with records from 
thinly peopled regions, such @ comparison is most 
conveniently made over a period of a number of 
days during which the synoptic situation is showing 
little change, in order to be able to consifler a number 
of swarm reports sufficiently large to be representative 
of the current swarm distribution. The first such 
period examined was July 12-31, 1950, when the 
Intertropical Convergence Zone remained relatively 
stationary in the position indicated in Fig. 1, which 
also gives the distribution of all desert locust swarms 
reported during this period, together with an indica- 
tion of the corresponding surface winds. It will be 
noted that all the swarms reported were in the 
vicinity of the Intertropical Convergence Zone, from 
Chad Territory in the west, through the Anglo- 
Egyptian Sudan, Eritrea, Ethiopia, Yemen, the 
Somalilands, the Aden Protectorates and Pakistan 
to northern India. Practically all recorded swarms 
were, in fact, between the position of the air-mass 
boundary at the surface (the Intertropical Front) and 
the southern limit of the over-running upper 
northerlies (the ‘limit of deep monsoon air’**, or 












‘nose of the Intertropical Front’), which at this 
season is usually closer to the main zone of precipita- 
tion than is the surface Intertropical Front****.7, 
During this particular season, both the Intertropical 
Convergence Zone and locust breeding were inci- 
dentally recorded as extending considerably farther 
north than usual in the Anglo-Egyptian Sudan, and 
the Intertropical Convergence Zone was, as indicated 
in Fig. 1, probably also farther north than usual over 
Arabia. 

Such evidence of an association of swarm distri- 
bution with the Intertropical Convergence Zone 
encouraged the hope that the movements of the 
latter might prove to be associated with some of the 
corresponding swarm movements. The first oppor- 
tunity of investigating this possibility was provided 
by the swarm movements in eastern Africa during 
September and October, 1950, including the first 
invasion of the British East African territories during 
the present plague (Fig. 2). 

During most of September, 1950, the only desert 
locust swarms reported south of the Gulf of Aden 
were in the western end of the Somaliland Protec- 
torate, with the adjacent parts of Ethiopia, where 
breeding had occurred during the previous month, 
and near Erigavo in north-eastern Somaliland, where 
swarms had been present since early August. 

During the fourth week of September the Inter- 
tropical Convergence Zone began to move southwards 
from the Gulf of Aden across the Somalilands, with 
surface north-easterlies established for the greater 
part of each day at Djibouti from September 22, at 
Berbera from September 23, and at Hargeisa from 
September 26; on September 27 a large swarm was 
reported in south-eastern Somaliland at Las Anod, 
where 2 in. of rain had been recorded the previous 
day. On September 29 and 30 rain was recorded in 
the neighbouring parts of Somalia and of the Ogaden ; 
and on October 1 immature swarms were seen in this 
area, near Gardo. Away to the west, swarms were 
reported on September 30 to have left Durdur, where 
breeding had been particularly heavy, in a southerly 
direction ; and on October 1 a swarm was seen near 
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area, between Gallacaio 
and Belet Uen, and during 
October 20-25 widespread 
egg-laying took place in 
this area, where heavy 
rains also fell at about 
this period. 

The Intertropical Con- 
vergence Zone continued 
to move southwards, with 
the establishment of north- 
erlies at Belet Uen and of 
north-easterlies at Gum- 
buro on October 24, and of 
north-easterlies at Moga- 
discio and easterlies at 
Bardera by October 25; 
on October 24 flying 
‘| swarms were reported at 
Oddur, between Belet Uen 
| | and Bardera, and near 
. | | Bulo Burti, between Belet 
Uen and Mogadiseio. 

On the night of October 
| | 25-26, scattered locusts 
| | flew over Lugh Ferrandi ; 
on October 26 there were 
| || the strongest north-easter- 
lies of the month at Belet 
Uen and Mogadiscio, wide- 
spread showers occurred in 
Kenya, and swarms arrived 
at three points in the Man- 
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Fig. 2. Advance of the Intertropical Front and the movement of desert locust swarms in eastern Africa 
during September and October 1950 


Giggiga, to the south of the Borama-Bio Caboba area, 
in which a number of young swarms had been reported 
during the latter half of September. By October 2 
northerlies were established at Gardo, and for the 
next few days the Intertropical Front remained 
between this station and Gallacaio, still in south- 
westerlies. On October 3 an immature swarm was 
seen and heavy rains fell between Gardo and 
Gallacaio ; there was further rain at Gallacaio on 
October 4; and on October 6, following freshening 
north-easterlies at Gardo and Hargeisa, swarms were 
seen to the south-west of Gallacaio. 

Following a temporary recession of the Intertropical 
Front, with south-westerlies re-established at Gardo 
between October 7 and 11 and at Hargeisa between 
October 8 and 10, its southward movement was 
resumed, with surface north-easterlies on the after- 
noon of October 11, with gusts up to 20 knots 
at Cardo and reaching 15 knots at Hargeisa. On 
this date flying locusts were seen from an aircraft 
at 4,500 ft. over Wardere, and an immature swarm 
was reported between Giggiga and Dagabur; on 
October 12 there were two further reports of immature 
swarms, south and south-west respectively of Dire 
Dawa. 

The south-westerlies receded from Gallacaio and 
Gumburo (I am indebted to the Sinclair Petroleum 
Co. for the Gumburo records) after October 18 and 
from Belet Uen after October 19; easterlies were 
established at Gallacaio on October 20, with rain, 
continuing on October 21, when showers were also 
recorded at Belet Uen. Easterlies were temporarily 
established at Gumburo during October 19-21, with 
2-2 in. of rain on October 20. On October 18 a heavy 
invasion of mature swarms began in the Dusa Mareb 


dera area. On October 27, 
easterlies had become 
established at Mandera, 
and swarms were reported near El Wak and at 
Bur Acaba, again very close to the limit of the 
surface north-easterlies in these areas. 

The Intertropical Convergence Zone became rela- 
tively stationary and generally inactive during most 
of November, with no further sustained southward 
movement until early December. There were signs of 
increased activity during mid-November, with rains 
on November 11 and 12 in south-central Somalia and 
north-east Kenya ; and on these dates swarms reached 
the Merti (Kenya) and Dugiuma (Somalia) areas, the 
most southerly points known to have been attained 
by this generation ; both areas were in the immediate 
vicinity of the Intertropical Front at the time. 

The north-easterlies usually over-run the retreating 
south-west monsoon in East Africa*‘, as elsewhere 
in the region under consideration®*-**, and were, 
for example, established at 7,000 ft. above sea-level 
over Kenya as far south as the equator when they had 
only reached 5° N. in Somalia at the surface. Plateau- 
level north-easterlies and rains were, in fact, ex- 
perienced at times well in advance of the southern 
limit of the surface north-easterlies of the lowlands. 
The leading swarms, however, remained in the imme- 
diate vicinity of this latter limit (the Intertropical 
Front) throughout the migration ; the beginning of 
the southerly swarm movement from Somaliland, 
for example, and the arrival of the first swarms in 
Kenya, five hundred miles away and a month later, 
both appear to have taken place within a day of the 
passage of the Intertropical Front across the areas 
concerned. Over this period the speed as well as the 
general direction of displacement of the leading 
swarms thus appear to have been determined by 
the movement of the Front. 
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The hypothesis that major swarm movements take 
place towards, and with, zones of convergence thus 
appears to merit further consideration as a poten- 
tially useful means of supplementing the present 
essentially historical method of forecasting swarm 
movements, since forecasts of the movements of the 
Intertropical Convergence Zone over central Africa, 
for example, based on the pressure distribution to the 
north and south of the continent, are issued by the 
East African Meteorological Department up to a 
week ahead. The hypothesis may well indicate a need 
for further information on limiting conditions for 
flight, which are likely to be important, for example, 
in determining the speed of swarm displacements 
approaching zones of convergence from a distance. 
It may, in addition, help to provide a background 
against which the finer effects of behaviour on dis- 
placement may be more effectively studied, by 
enabling appropriate allowance first to be made for the 
part played by the purely transporting effect of the 
wind in particular recorded swarm displacements. 

Convergence also provides a mechanism for the 
frequently recorded association of exceptional rains 
with the arrival of locusts; during November-— 
December 1949, to quote a single example, the first 
swarm record anywhere in Arabia after a lapse of 
four months, at Mukalla, with the first full-scale 
gregarious breeding in the Hadhramaut during the 
present plague, followed a rainfall of 7 in. in 36 hr. 
at this station, for which the mean annual rainfall, 
over the whole nine years for which records are now 
available, is 2-5 in. A similar effect (I am indebted to 
Mr. P. R. Stephenson for this suggestion) may perhaps 
also contribute at times to the process of gregariza- 
tion, by producing a measure of ‘real concentration’*® 
of adult solitaria from long distances into limited areas 
which provide suitable conditions of moisture and 
vegetation for breeding. Thus in late November 1950, 
for example, scattered locusts, at densities ranging 
from 1 to 100 per 100 yd. of traverse, were encountered 
in uniformly dry conditions at a series of points 
extending along 58 miles of the Eritrean coast near 
Massawa, while on a second reconnaissance over the 
same route a fortnight later locusts were found, at 
densities of 400-600 per 100 yd., only within the eight- 
mile stretch to which rains in the meantime (totalling 
5-6 in. at Massawa) had been restricted®. This 
mechanism may well be of vital importance to the 
continued existence of species such as the desert 
locust, inhabiting regions of scanty and erratic rainfall 
with an egg-stage almost aquatic in its moisture 
requirements*!, and moreover suggests a possible 
survival value of flight without consistent orientation 
for other insects. 

The data used in this work have been made avail- 
able by the co-operation of the meteorological services 
and of the locust control and research organizations 
of the whole area considered, from French Equatorial 
Africa to India. I am furthermore particularly 
indebted to members of the forecast staffs of the 
meteorological offices at Aden, Asmara, Cairo, 
Djibouti, Ismailia, Karachi, Khartoum, Mogadiscio 
and, particularly, Nairobi, for the benefit of their 
synoptic experience; to Dr. B. P. Uvarov, of the 
Anti-Locust Research Centre, and Mr. P. R. 
Stephenson, of the Desert Locust Survey, for their 
support and active interest in this investigation ; to 
Miss Z. Waloff and Messrs. Y. R. Ramchandra Rao, 
K. F. Sawyer, W. J. Stower, T. Weis-Fogh and N. W. 
Wootten, for the use of unpublished data ; and to 
members of the Nairobi Scientific and Philosophical 
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Society, for their comments on the hypothesis at ihe 
Society’s meetinz of November 21, 1950. 
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EXPERIMENTS ON THE HIGH- 
ENERGY NUCLEONS AND 
QUANTA* 


By SIR JOHN COCKCROFT, C.B.E., F.R.S. 
pene eta or hagegy nuclear physics is to-day 


moving into a very exciting new phase, the 
phase in which we are attempting to discover the 
nature of the forces between the so-called elementary 
particles of matter, in particular the forces between 
the nucleons—protons and neutrons—of which 
atomic nuclei are made up. We wish to know the 
relations of these forces to the twenty or so other 
elementary particles which have been discovered 
within the past two decades or are due for discovery 
in the near future. 
Before I embark on this, it is worth while to look 
back at the first three ages of nuclear physics. 


The Ages of Nuclear Physics 


The first age, which will for ever be associated with 
the Curies and with Rutherford’s work at McGill, 
saw the discovery of radioactivity and of radioactive 
change ; the discovery that the heavy elements are 
unstable, changing gradually through the emission of 
electrons and «-particles—or helium nuclei—to lead. 





* Substance of a Friday Evening Discourse delivered at the Royal 
Institution on November 2. 
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The second age gave rise to the conception of the 
nuclear atom. In this age, which was coincident 
with Rutherford’s Manchester days, experimenters 
in his laboratory studied the interactions of high- 
speed a-particles from radium with matter. Geiger 
and Marsden showed that these particles could be 
reflected backwards from metal surfaces—an observa- 
tion which, as Rutherford said in later years, was to 
him as surprising as if a 15-in. shell had bounced 
back from a sheet of tissue paper. He calculated 
the enormous magnitude of electric or magnetic fields 
required to produce this repulsion of the particles, 
and from this came to his conclusion that such forces 
could only be provided by a nuclear model of the 
atom in which the greater part of the mass and an 
electric charge proportional to the atomic number is 
concentrated in a central core of the atom having a 
diameter of the order of 10-* om. 

Within this age there developed also the remark- 
able work of Niels Bohr, which explained the stability 
of the electron orbits outside the nucleus; and the 
work of Moseley, which showed that the electronic 
structure and the chemical properties of the elements 
depend on the nuclear charge. 

The third age opened with the discovery by 
Rutherford that the nuclei of the light atoms could 
be penetrated and transmuted by his high-speed 
a-particles. The forces near the nucleus were shown 
to be represented by the electrostatic forces corre- 
sponding to a central charge Ze, provided the 
exploring particles did not approach closer than 
1073 em. to a nucleus. If they came closer, the 
forces could no longer be so represented, showing 
that inside the nucleus we had to do with a different 
realm—a realm scarcely explored in this third age. 

The scope and scale of Rutherford’s disintegration 
experiments were enormously extended by the 
invention of particle accelerators designed to accel- 
erate hydrogen and deuterium nuclei, and so provide 
for the physicist streams of atomic projectiles a 
million-fold greater in intensity and exceeding in 
energy the «-particles available to Rutherford. These 
accelerators consisted of three main types: the 
voltage multiplier type of generator associated with 
Prof. E. T. S. Walton and myself ; the Van de Graaff 
electrostatic generator; and the cyclotron of Prof. 
E. O. Lawrence. This age has been called by some 
the Golden Age of Nuclear Physics; by others— 
whose dreams reach far into the future—the Stone 
Age. 

One of the greatest achievements of the Golden 
Age was the discovery of the neutron by Chadwick. 
This led to a new concept of the internal constitution 
of the nucleus, which was now thought of as con- 
sisting of an assembly of N neutrons and Z protons : 


No. 4286 





Z-+ N = isotopic weight. 

This close-packed assembly of nucleons was seen 
to require a new kind of inter-nucleon force to hold 
it together, for the disruptive effect of the positive 
electrostatic forces pf the protons is enormous. If, 
for example, we consider the 92 protons of a uranium 
nucleus to be distributed half on each hemisphere of 
a nuclear surface of radius 10-'* cm., a simple cal- 
culation shows that there will be a disruptive pressure 
of about 107° atmospheres. There must therefore be 
counterbalancing attractive forces between nucleons 
which prevent the nucleus from blowing up. 

Since these forces act between uncharged neutrons 
and charged protons, and presumably between pairs 
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of neutrons, these forces cannot be electrical or 
magnetic in origin. The discovery of their nature is 
one of the major problems of the new age. 

I should also recall the discovery of the first of the 
transient or short-lived elementary particles—the 
positive electron, discovered first in cosmic rays by 
Anderson. Blackett and Occhialini obtained beautiful 
pictures of the creation of pairs of positive and 
negative electrons, while Chadwick and Goldhaber 
showed that the electromagnetic radiation of the 
gamma-rays could create these pairs. The creation 
of matter from radiation, and its inverse—the 
annihilation of the positive electron to produce 
radiation—was established. 

The closing years of this age saw the discovery of 
nuclear fission and its sombre consequences. 


Nuclear Forces 


If I turn now to the post-war developments—the 
fourth age—our major interests are focused on the 
nature of the forces which hold the nucleus together, 
and on the nature of the new members of the family 
of so-called elementary though transient particles 
which workers in the cosmic ray field present to us 
year by year. -We believe that these transient 
particles are closely connected with the intense forces 
acting between nucleons. i 

The experimental nuclear physicist attacks the 
problem first with the classical methods. If a nucleus 
such as beryllium consists of four protons and five 
neutrons bound together by the nuclear force, he fires 
into these nuclei streams of neutrons, or alternatively 
streams of protons, sufficiently energetic so that the 
electrostatic forces of repulsion outside the nucleus 
will be negligible. We can then study, in the classical 
way, the angular distribution of particles coming 
out of the nucleus. We can think perhaps of the 
nucleus as a snooker pool of red and white balls, into 
which we fire either a red ball or a white ball, and 
look for the angles of emergence of the balls struck. 

The high-speed neutrons and protons used in this 
type of experiment are most conveniently produced 
by the cyclotron, and the Harwell cyclotron is 
typical of several machines built for such studies. 
This machine has been built and operated by a group 
at Harwell led by Pickavance, Cassels, Taylor and 
Dickson. The cyclotron produces an internal circu- 
lating beam of about one micro-ampere of protons 
(or 6 X 101* protons/sec.) which can attain an energy 
of 180 million electron volts if they are allowed to 
spiral out to full radius. If a target interrupts their 
path at a smaller radius, the final proton energy is 
correspondingly reduced. We can therefore carry out 
experiments over a wide range of proton energies. 

We can also extract part of the beam by scattering 
it from a thin uranium foil into a channel screened 
from the magnetic field of the accelerating space. 
The protons can then escape from their spiral orbit 
and are directed down a long pipe to the experimental 
chamber situated beyond thick concrete walls. We 
have about 2 x 10° protons/cem.*/sec. coming out of 
the end of the pipe, 40 ft. from the cyclotron. 

When we wish to produce high-speed neutrons for 
experiment, we allow the protons to strike a target 
of beryllium—our snooker pool of four protons and 
five neutrons, if I may return to the simile. We find 
then that neutrons are projected forward with 
practically the full energy of the impacting proton 
—180-MeV. protons produce some | neutrons of 
178-MeV. energy. This can only happen if our 
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striking nucleon makes a head-on shot on a neutron, 
knocking it forward with full momentum and coming 
to rest itself. In order to be able to do this, it must 
not disturb the rest of the balls of the snooker pool. 

At Harwell the neutrons pass out of the vacuum 
chamber of the cyclotron, through tubes in the 15-ft. 
shielding blocks of concrete and so into a long experi- 
mental tunnel. The highly collimated beam of 
neutrons then strikes a thin disk of polythene 
(CH,)n from which hydrogen nuclei or protons are 
ejected. These protons have in turn almost the full 
energy of the neutrons, and by measuring their energy 
spectrum we determine the neutron energy spectra. 

We look, therefore, for these protons at an angle 
of projection of 10° and arrange there a so-called 
‘telescope’ of three counters which operate an elec- 
tronic register when a particle passes through all 
three. 

We can now introduce a disk of graphite between 
the second and third counter; when its thickness is 
equal to the maximum range of the protons in 
graphite, we cease to record protons passing right 
through the telescope. The graphite disk enables us, 
therefore, to determine the energy of our protons, 
just as thin slips of mica— so thin as to show inter- 
ference fringes—enabled us to measure «a-particle 
energies in the ‘Golden Age’. The comparison of the 
thin mica films with the graphite disk illustrates 
directly the great increase in particle energies since 
the 1932's. 

We can therefore measure the energy spectra of 
the protons and hence deduce the energy spectra of 
the neutrons projected out of the beryllium target. 
The result is a peak of almost the full energy, indi- 
cating that a large fraction of the protons transfer 
their full momentum to a single neutron. This shows 
that the incoming proton does not interact with most 
of the other nucleons, otherwise some of its energy 
would go to them. Hence also the range of action of 
the nuclear forces must be small—smaller than 
2 x 10-* +cm.—otherwise the fast proton would 
transfer some of its energy to other nucleons. 

However, there is a tail of neutrons of lower energy. 
If we replace the beryllium target by an aluminium 
target, the tail becomes much more prominent. Since 
we are all the time observing neutrons projected in 
the forward direction, this must mean that some of 
the struck neutrons make small-angle multiple 
collisions in the snooker pool of the nucleus before 
emerging. 

We can compare these results with those of the 
Harvard workers, who use 110-MeV. protons. The 
peak for the Harvard experiment is much more 
pronounced when the lower-energy protons are used. 
This can be explained by the fact that neutrons of 
energy less than about 90 MeV. do not escape easily 
from the nucleus, whereas neutrons of higher energy 
do escape because of a curious interference effect. 
The neutron spectrum is therefore filtered in favour 
of high-energy neutrons. The carbon nucleus is more 
tightly bound; the threshold energy for neutron 
production is about 20 MeV. and so no neutrons 
more than 90 MeV. are produced. No peak is found 
in the Harvard results for carbon. 

We find also that neutrons of much lower energy 
emerge from the nuclear pool. Mrs. Skyrme has 
looked for these by a quite different technique. The 
direction of the proton beam was reversed. She then 
investigated the backward direction for low-energy 
neutrons by means of photographic plates, and found 
another substantial peak having a maximum at about 
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1 MeV. neutron energy. These neutrons result from 
a general transfer of energy from some protons to 
the whole nuclear pool. The nucleus is ‘heated up’ 
to a temperature corresponding to a million volts, or 
about 2 x 10°°C. Neutrons then evaporate and the 
evaporating neutrons have a Maxwellian spectrim. 
On the average, about four neutrons evaporate from 
a tungsten target for each striking proton which 
loses energy. When light targets are used, less than 
one neutron evaporates for each collision. We have 
therefore the two mechanisms of transferring ene1 gy: 
the single-shot, head-on collision with one nucleon ; 
the second, the ‘bosh shot’ which heats up the whole 
pool and leads to neutron evaporation. 

The next experiment studied the angular deflexions 
in collisions of the high-energy neutrons with the 
protons of the polythene disk. We are dealing here 
with the collisions of nucleons of almost the same 
mass. If the nucleons were to behave like minute 
elastic billiard balls, we would expect that in the 
centre-of-gravity co-ordinates—thinking of the two 
balls moving towards each other with half velocity 
all directions would be equally probable after the 
collision. 

If, then, we were to plot the number of neutrons 
emerging from the collision at different angles per 
unit solid angle, the number would be constant for 
all angles. Actually, we observe quite a different 
distribution. There are far fewer protons emerging 
at 90° than at 180°, and there is not even symmetry 
about 90°. Our nucleons do not therefore behave 
like minute elastic billiard balls. 

We next use 146-MeV. protons as exploring pro- 
jectiles. To do this we move our experiment to the 
other side of the cyclotron—to use the protons 
coming down the long pipe. Again: we look for 
projected protons, and can at the same time look for 
the deflected striking protons which should emerge at 
right angles. Actually, they do not emerge quite at 
right angies—since the striking protons are moving 
quite fast they are slightly heavier because of 
relativity, and the angle after the collision is observed 
to be slightly less than 90°. 

We find now that protons colliding with protons 
do behave like elastic billiard balls, at any rate down 
to angles of about 30°. However, this difference does 
not show immediately that the forces between protons 
and protons and those between neutrons and protons 
are different. The reason is that the Exclusion 
-rinciple modifies the proton—proton collisions, but 
not, of course, the neutron—proton collisions. It is 
still a matter of controversy whether these high- 
energy experiments do provide evidence for such a 
difference, but recent work at rather lower energy 
(14 MeV.) suggests that it does, in fact, exist. 

Another question raised by the high-energy work, 
to which Berkeley (345 MeV.), Rochester. (240 MeV.), 
and Harvard (110 MeV.) are also contributing, is the 
following : Is it possible to explain all the observed 
effects by the use of forces which do not vary with 
the relative velocity of the particles? Here the 
answer appears to be ‘No’, although theoretical 
investigation continues. Theoretical physicists have 
tried to find a potential of interaction representing 
an attractive force at large distances and a repulsive 
—hard core—force at short distance. They then 
vary the parameters in order to achieve a fit with 
results. This is the so-called ‘phenomenological 
approach’. So far this approach has not been very 
successful, in that the curves calculated for the 
angular distribution after the collision, however much 
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adjusted by variation of parameters, cannot achieve 
a good sit. 

In these circumstances it seems scarcely fair to set 
a still more difficult problem of nuclear dynamics to 
the theoretical physicist. The cyclotron group has, 
in spite of this, studied the collision of high-speed 
protons with nuclei of heavy hydrogen, which consist 
of one proton and one neutron, so that we may have 
a three-body interaction. 

The scattering curves found are quite different 
from either proton—proton or proton—neutron scat- 
tering. An explanation of this will have to await the 
solution of the two elementary processes already 
considered. The next, and more difficult, step in the 
experiments is to study the scattering of neutrons 
by deuterons. A comparison between the results for 
proton-deuteron and for neutron-deuteron scattering 
should then enable us to say whether the neutron- 
proton and proton—proton interactions are similar. 
This seems to be the most direct way of obtaining 
information about neutron-neutron forces, since 
the scattering of neutrons by neutrons cannot be 
observed. 

At this stage we should inquire whether there is 
not some other influence affecting these collisions. 
The obvious particle to suspect is the meson. Mesons 
were, in fact, invented by the Japanese physicist 
Yukawa so long ago as 1935 just in order to account 
for nuclear forces. He suggested the existence of 
this new particle having a mass such that the wave- 
length 4 = h/mv was equal to the expected range of 
nuclear forces, 2 x 10-13 cm. The new particle 
should then have about 200 times the electron mass. 
The mesons then might be considered to be the 
heavy quanta of the nuclear field. 

Soon after this, by a remarkable coincidence, the 
so-called y-mesons were found in the cosmic rays by 
Anderson and Neddermeyer. Although we do not 
now believe that these p-mesons, which have 220 
times the electron mass, have anything to do with 
nuclear forces— since the y-mesons scarcely interact 
at all with nuclei—the Yukawa hypothesis has had 
an important stimulating effect. Indeed, in 1947, 
Powell, by his remarkable photographic plate tech- 
nique, discovered another kind of meson—the z-meson 
or pion—which does interact with nuclei. These 
m-mesons have about 275 times the electron mass. 
There are three kinds, s+-mesons carrying a positive 
charge, m°-mesons which are uncharged and m—-mesons 
which are negatively charged. The m+-meson changes 
into u-mesons after a very short life—of the order of 
10-* sec. Since then, evidence for heavier mesons has 
appeared in cloud chamber photographs: there is 
a v-meson which can change into a proton and there 
are k- and t-mesons. i 

The connexion of these transient particles with 
nuclear forces becomes evident as we increase the 
speed of our nucleons in proton—proton and proton— 
neutron collisions. We find that as the proton energy 
rises beyond 200 MeV., m-mesons come out of the 
nuclear pool as though they were transient sparks 
struck in the intense fields of close collisions. This 
method of creation of mesons was discovered first in 
the huge Berkeley cyclotron. The protons from the 
cyclotron strike a target of graphite. Photographic 
plates are exposed near by to record any mesons 
produced. The Berkeley workers found that both 

mt. and m--mesons were produced, and the numbers 
increase rapidly as the proton energies increase 
beyond 200 MeV. The still larger Chicago cyclotron 
now produces so many m-mesons that they have as 
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many as 1,000 a second emerging from a two-inch 
pipe through their massive concrete shields. 

The Berkeley workers found also that gamma-rays 
having energies of up to 200 MeV. began to be 
produced at about the same proton energies as the 
m+. and =~-mesons. These gamma-rays were also 
shown, by a brilliant piece of experimental work, to 
be emitted in pairs. It was found also that they are 
more energetic in the direction of the proton than in 
the opposite direction. This suggested that some 
particle is projected forward by the protons and that 
it breaks up into the two gamma-rays. By the well- 
known Doppler effect, the frequency of the rays 
coming backwards could be less and so their energy 
would be less. These particles were assumed to be 
neutral pions, and this has been abundantly con- 
firmed. They are even more transient sparks than 
the charged pions, for they last only for 10-15 sec. 

If we agree that these pions must be connected 
with nuclear forces, how do we visualize the con- 
nexion ? In a collision of a proton with a neutron, 
we think of the two nucleons as surrounded by a 
meson field just as two electrons are surrounded by 
an electric field. When they come close together, the 
proton can emit a positive pion or heavy quanta. 
This pion is then absorbed by the neutron, which 
becomes a proton. The overall result is a scattering 
of the two nucleons, which then change their direction. 
This is a very nice picture; but until theoretical 
physics can develop the full meson theory and apply 
it quantitatively to nuclear collision, we must remain 
only partially convinced of its truth. 


Disintegration produced by High-Energy Nucleus 


The nuclear disintegration produced by nucleons 
having energies of up to 10 million volts resulted in 
the nucleus splitting into two or three fragments at 
most, since the energy transferred to the nucleus was 
not sufficient to dismember it still further. Examples 
of this type of transmutation were the splitting of a 
beryllium nucleus of mass 8 into two a-particles and 
the splitting up of a carbon nucleus into three 
«-particles. 

When nucleons having energies of the order of 
160 MeV. are used, much greater energies are trans- 
ferred to the nucleus and more complete fragment- 
ation occurs. 

Nuclear transmutations produced by high-energy 
neutrons and protons enable new radioactive isotopes 
to be discovered and the empty spaces in the chart 
of isotopes to be filled. 

Dr. F. D. S. Butement and Mr. R. Shillito at 
Harwell have used the high-energy neutrons from 
the Harwell cyclotron for such studies. In typical 
reactions, the absorption of a neutron by the nucleus 
is followed by the expulsion of a proton or an 
a-particle. In this way, for example, two new 
isotopes of gold having isotopic weights of 201 and 
202 were found; they are known as neutron-rich 
isotopes. 

Photodisintegration has been used by Dr. Butement 
and Mr. Shillito as a second method of producing new 
radioisotopes. The absorption of a high-energy 
quantum from the Harwell 23-MeV. synchrotron is 
often followed by the emission of a proton. By these 
two methods twenty-six new isotopes have been 
found. One interesting reaction was discovered and 
investigated by Dr. J. M. Dickson and Mr. T. C. 
Randle. It is the production of beryllium-7 by 


proton bombardment of carbon, according to the 
reaction : 
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C+ iH — iBe+ 3p + 3n. 

Beryllium-7 has a long half-life of 53 days, so 
that its strength builds up over a long period. Now 
in the cyclotron it is necessary to shield the electrodes 
from the protons scattered from the targets being 
used in the experiments described previously. The 
cyclotron group decided to use carbon for this pur- 
pose, thus producing as much as 10-* gm. of beryl- 
lium-7 every two months while the cyclotron is being 
used for its main programme. This beryllium-7 has 
been extracted by Dr. Butement and has been used 
as a target in further experiments. Dr. R. C. Hanna 
has shown that it absorbs slow neutrons very strongly 
(o = 10* barn). 

I will now describe another group of experiments 
carried out with high-energy quanta produced by the 
electron synchrotron at Harwell or by the 17-6- and 
14-MeV. y-rays produced by the well-known reaction 
of protons on lithium. The synchrotron produces 
electrons of about 23 MeV. energy, and these electrons 
produce quanta of X-rays when they strike a target. 
When these quanta enter a nucleus, they set the 
nucleus into vibration and transfer the energy of the 
quanta to it. The nucleus can then break up by 
emitting one or more particles. 

To do this the Harwell workers in Mr. Goward’s 
and Dr. Titterton’s groups introduced various 
elements into the emulsion of the special nuclear 
photographic plates. The nuclei of these elements 
absorb a quanta and are disintegrated, and the 
tracks of the particles are made visible on develop- 
ment. 

One group of experiments was devoted to the 
photodisintegration of light nuclei. They showed 
that in the photodisruption of the nucleus many 
different types of nuclei are flung out. They inchide 
neutrons, protons, deuterons, tritons, helium nuclei 
and beryllium nuclei. Dr. Titterton and Mr. Brink 
worth exposed plates loaded with the separated light 
isotope of lithium, namely, lithium-6. When these 
were exposed to 17-6-MeV. y-rays, V-shaped tracks 
were found. It appears that these are due to a 
neutron being ejected from lithium-6, leaving the 
radioactive nuclei of lithium-5 behind : 

Shit hy >m-+ Li. 
This lithium-5 nucleus is known to have a very short 
life—of the order of 10-*1 sec. It breaks up in flight 
into a proton and helium-4, producing a typical V 
track. A detailed study of the events shows that in 
some cases lithium-5 is found in a state having about 
2-5 MeV. excess energy. 

In another experiment, the plates were loaded with 
the lithium-7 isotope and again exposed to 17-6-MeV. 
radiation. Some of these showed the long track of 
an energetic proton and a very short track of a heavy 
recoiling nucleus. It appears, then, that the dis- 
ruption of a quantum ejects a proton from the nuclei, 
leaving behind a nucleus of helium-6 : 


"Li + hv —1H + *He. 


Then plates loaded with lithium-7 were exposed to 
these same 17-6-MeV. gamma-rays. In this case a 
triton was ejected from the lithium-7 nucleus : 


"Li+ hy ‘He +T; also "B+ hy +T + Be. 


The fourth experiment, by Goward and Wilkins, 
studied the photodisintegration of carbon-12 nuclei. 
In this case the long track of a helium nucleus and 
heavy V-shaped tracks at one end were found. The 
ejection of the helium nucleus leaves behind a 


NATURE 





December 22, 1951 


beryllium-8 nucleus which is unstable and immediately 
bregks up into two «-particles which recoil in opposite 
directions. The beryllium-8 nucleus is, however, 
moving at high speed before it breaks up, so that 
the two a-particles carry the momentum but diverge 
due to the mutual recoil. a 

The fifth experiment, using plates loaded with 
boron-11, shows a rather similar event. In this case 
the boron-11 nucleus breaks up into a triton and a 
beryllium-8 nucleus moving in opposite directions, 
The beryllium-8 nucleus then breaks up into two 
«-particles giving the characteristic V-shaped track. 

In a sixth experiment, carbon and oxygen were 
irradiated with gamma-rays having energies up to 
80 MeV. Carbon disintegrated into three a-particles 
and oxygen into four «-particles. On examining how 
the chances of these disintegrations vary with energy, 
Goward and Wilkins found that there were two 
prominent resonances in the energies at which they 
occur. 


VOL. 168 





Conclusion 


I have dealt mainly with the Harwell contributions 
to this new and exciting field of high-energy physics. 

In this field the cosmic ray workers using high- 
energy particles provided by Nature have been the 
pioneers, and the schools of Bristol and Manchester 
have discovered the 7-, the k- and t- and the v-mesons 
since the War. The high-energy machines are an 
essential complement to this work, since it is only by 
their help that we can investigate nuclear forces and 
the process of creation of mesons in sufficient detail 
to arrive at an understanding. 

Work is proceeding in many laboratories in the 
United States and will soon be starting in Glasgow, 
Birmingham and Liverpool as their powerful new 
machines come into operation. We can be confident 
that we have at least a decade of work in front of 
us as the frontiers of our knowledge of the physical 
world are still further advanced. 


OBITUARIES 
Prof. A. L. Mellanby 


ALEXANDER LAWSON MELLANBY, emeritus professor 
of civil and mechanical engineering in the Royal 
Technical College, Glasgow, died at Bridge-of-Weir, 
after a short illness, on November 26. 

He was born at Hartlepool on July 3, 1871, 
and was educated at Barnard Castle School. After 
an apprenticeship at the Central Marine Works, 
Hartlepool, he entered Durham College of Science, 
and graduated B.Sc. with honours. He was awarded 
an 1851 Research Scholarship and went to McGill 
University, where he carried out research on the 
reciprocating steam engine. Returning to Great 
Britain he was appointed chief technical assistant 
with T. Richardson and Sons, engineers, of Hartlepool, 
but after a year left industry to enter the academic 
profession, in which he remained for the rest of his 
professional life. 

His first appointment in this field was as chief 
lecturer in engineering at Battersea Polytechnic in 
1898. Shortly afterwards he was appointed to the 
Manchester College of Technology as assistant to 
Prof. J. T. Nicolson, and took a large part in designing 
and equipping the laboratories, workshops and power 
station of that College. In 1905 he was appointed 
to the chair of motive power engineering at the Royal 
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Technical College, Glasgow, and was in the service of 
the College until he retired in 1936. His success in 
this chair was such that first the Department of 
Applied Mechanics and later the Department of Civil 
Engineering were merged with his Department into 
a single Department of Civil and Mechanical Engineer- 
ing and Applied Mechanics. 

Prof. Mellanby was one of the first to realize the 
importance of experimental work in engineering 
courses, and, soon after his appointment to the Royal 
Technical College, he established a heat engines lab- 
oratory, outstanding at that time for its size, range 
and standard of equipment. In those days technical 
colleges suffered severely from financial and staff 
limitations ; but Mellanby saw that, without adequate 
experimental facilities, the highest levels of teaching 
and research would never be reached. His own work 
lay mainly in the field of steam and internal com- 
bustion engines. Following on his early work on 
reciprocating engines he took up an intensive study 
of the flow of steam through nozzles, and was the 
author of many papers, some of which were in 
collaboration with Dr. Wm. Kerr, who later succeeded 
him in the chair. He took an important part in the 
work of the Marine Oil Engine Trials’ Committee, a 
joint committee of the Institution of Mechanical 
Engineers and the Institution of Naval Architects, 
which carried out a series of authoritative trials on 
marine oil engines of different types. His services 
were widely sought as a consultant, and special 
reference was made to this when the University of 
Glasgow conferred the LL.D. degree upon him in 
1936. He served as a member of Council of the 
Institution of Mechanical Engineers, and took an 
active part in the operation of the national certificate 
scheme for engineering students in Scotland. He was 
a firm believer in academic institutions maintaining 
close contact with the world of practice and, at an 
early stage, fostered the establishment of sponsored 
research projects for industry. 

Intellectually a man of science and professionally 
an engineer, Prof. Mellanby had the sure instinct of 
the former for the fundamental factors in a complex 
problem, and the sound judgment of the latter on 
all practical issues. He deprecated narrow specializa- 
tion, whether in courses of study, staff training, 
experimental method or technical authorship, holding 
that range was essential to quality of judgment. 
He made many contributions to technical literature, 
all of which kept in proper balance and perspective 
the fundamental and practical issues. He was 
deeply concerned with the welfare of his students 
and, long after they had left the College, he followed 
their careers with interest, always willing to give 
advice in the solution of problems or a helping hand 
towards further advancement. Few professors had 
more sympathy with the struggling part-time student, 
and nothing gave him greater pleasure than to pick 
out the really talented from this group and assist 
them to transfer to full-time courses. 

Throughout the long period of his retirement, his 
activity of mind and body remained unimpaired 
almost up to the last, and his interest in matters 
educational and practical was unabated. In him 
human, social and professional qualities were not only 
fine but also finely balanced, and they were exercised 
with a quiet dignity and a true sense of duty and 
service. He will be very much missed in engineering 
and academic circles in Glasgow and the west of 
Scotland, and indeed over a much wider area. 

Davip S. ANDERSON 
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Prof. Rikiti Sekiguti 


Pror. Rrxit1 Sexicuti, formerly director of the 
Tokyo Astronomical Observatory, Mitaka, near Tokyo, 
died suddenly from heart failure on August 10 at 
Kamakura. 

Sekiguti graduated at the University of Tokyo in 
1907, taking astronomy as his subject. He served 
in meteorological observatories—at a weather station 
in Korea, at the Marine Meteorological Observatory 
at Kobe, and for a time as the head of the Solar 
Section of the Central Meteorological Observatory. 
Meanwhile he was sent to Europe for study, and 
worked at Cambridge with the late Prof. H. F. Newall 
for about a year. In 1936 he was made a professor 
of astrophysics in the University of Tokyo and the 
director of the Tokyo Astronomical Observatory. He 
taught astrophysics to students of astronomy at the 
University for more than ten years until his retire- 
ment at the age of sixty in 1946. At one time he 
served in the Government as the head of the Special 
Education Bureau of the Ministry of Education, and 
took several important steps for the promotion of 
scientific research. 

Sekiguti’s main scientific work was devoted to 
meteorology and oceanography. He developed solar 
meteorology by applying Margules’s theory to the 
solar atmosphere. He took part in the solar eclipse 
of 1936, using a small spectrograph of his own design, 
and announced the recognition of several new spectral 
lines. 

Sekiguti was a good writer. He published several 
books in Japanese, “The Sun’’, ‘‘Astrophysics’’, 
“Introduction to Astronomy’’, etc. He was an 
enthusiastic and hard worker in any subject he 
took up. The Tokyo Observatory was damaged 
towards the end of the Second World War, and since 
then his health had declined. His daughter is married 
to Dr. Shinichiro Tomonaga, a well-known nuclear 
physicist. Y. HaGrnara 


Dr. S. Hill 


Dr. SypNEY H111, who died as a result of a street 
accident on November 27, in his twenty-eighth year, 
was educated at Holt High School, Liverpool, and 
proceeded to the University of Liverpool, where he 
graduated B.Sc.(Hons.) in 1943 and was awarded 
the Campbell Brown Fellowship. He joined the staff 
of Peter Spence and Sons, Ltd., in 1943 and was 
granted leave of absence during 1945-48 to take up 
the Fellowship, and was awarded a Ph.D. in 1948 for 
research work in electrochemistry. This work was 
the subject of several papers published jointly with 
A. Hickling in the Transactions of the Faraday Society 
and the Journal of the Electrochemical Society. Dr. 
Hill returned to industrial work and at the time of his 
death was engaged in further electrochemical in- 
vestigations. His tragic death at an early age closes 
a career that held great future promise. He was 
unmarried. 


WE regret to announce the following deaths : 

Lord Addison, K.G., P.C., chairman in 1948 of the 
Medical Research Council, on December 11, aged 
eighty-two. 

Prof. H. S. Raper, C.B.E., F.R.S, dean of the 
Medical School and professor of chemical physiology 
in the University of Manchester, on December 12, 
aged”sixty-nine. 
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NEWS and VIEWS 
Civil Engineering at Adelaide: Prof. F. B. Bull 


THE appointment has recently been announced of 
Mr. F. B. Bull to the chair of civil engineering in the 
University of Adelaide, South Australia. Mr. Eull, who 
is at present a University lecturer at the Engineering 
Laboratory, Cambridge, studied at University College, 
Nottingham, where he took the London (External) 
B.Sc.(Eng.) with first-class honours. After gradua- 
tion Mr. Bull worked for a number of years with 
Messrs. Dorman Long and Co., Ltd., where he was 
engaged in the design of structural steelwork. Follow- 
ing this he was for four years a lecturer in structural 
engineering at the Constantine Technical College, 
Middlesbrough. During the Second World War, Mr. 
Bull served with the Admiralty Department of 
Scientific Research, where he led a party of engineers, 
physicists and naval architects engaged in the 
experimental determination of the stresses in ships’ 
structures. This programme of trials, which was 
designed to reveal any differences in structural 
behaviour between ships of welded and riveted 
construction, included comprehensive measurements 
of the forces to which a ship is subjected when in a 
seaway. Various technical papers on this work have 
been read to professional societies, and the results of 
the trials are being published by H.M. Stationery 
Office. Since the War Mr. Bull has been on the staff 
at the Engineering Laboratory, Cambridge, where he 
has been concerned with teaching surveying and the 
theory and design of structures. 


Royal Society : Officers for 1952 


THE following have been elected Officers and 
Council of the Royal Society for the ensuing year : 
President : Prof. E. D. Adrian ; Treasurer and Vice- 
President: Sir Thomas Merton; Secretaries and 
Vice-Presidents: Sir Edward Salisbury and Sir 
David Brunt ; Foreign Secretary : Sir Cyril Hinshel- 
wood ; Other Members of Council : Dr. R. W. Bailey, 
Dr. O. M. B. Bulman, Prof. P. A. Buxton, Sir John 
Cockcroft, Dr. I. de B. Daly, Prof. E. C. Dodds, Prof. 
M. G. Evans, Sir Howard Florey (vice-president), 
Mr. P. Hall, Sir Geoffrey Jefferson, Prof. E. J. 
Maskell, Dr. W. G. Penney, Prof. H. H. Plaskett, 
Dr. R. Stoneley, Prof. A. R. Todd, and Prof. J. Z. 
Young. 


National Science Foundation: Officers 


Dr. CHESTER I. BARNARD, president of the Rocke- 
feller Foundation, has been elected chairman of the 
National Science Board of the National Science 
Foundation at its second annual meeting held in 
Washington on December 3. Dr. Barnard succeeds 
Prof. James B. Conant, president of Harvard 
University, who was the first chairman of the Board, 
having been elected to serve for the initial term 
which began December 12, 1950. Dr. Edwin B. Fred, 
president of the University of Wisconsin, was 
re-elected vice-chairman of the National Science 
Board. The new chairman and the vice-chairman 
were elected for two-year terms of office as prescribed 
by the National Science Foundation Act of 1950. 
Dr. Barnard, who plans to retire soon from the 
presidency of the Rockefeller Foundation and 
General Education Board, was long associated with 
the American Telephone and Telegraph Company. 
He was a member of the board of consultants to the 
State Department on atomic control in 1946 which 
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drafted the Acheson-—Lilienthal Report. He was also 
a member of the Presidential Special Committee on 
Integration of the Medical Services in the Govern. 
ment in 1946. Dr. Fred has been president of the 
University of Wisconsin since 1945. He is a bac- 
teriologist, and was chairman of the Advisory 
Committee on Biological Warfare of the U.S. National 
Academy of Sciences during 1941-43. 


New Engineering School, University of Bristol! 


On December 12, at Bristol, the Chancellor of the 
University, Mr. Winston 8. Churchill, laid the founda. 
tion stone of the new Engineering School building, 
in the presence of the Lord Mayor of Bristol, other 
civic dignatories, many distinguished visitors and 
members of the University. In a brief ceremony, 
the architect, Mr. R. H. Brentnall, was presented to 
the Chancellor by the chairman of Council, Mr. 
W. R. Verdon Smith. Mr. Brentnall then presented 
the representatives of the contractors and consult- 
ants, after which he handed the Chancellor a sei of 
silver tools with which he laid the stone. In declaring 
the stone well and truly laid, Mr. Churchill spoke of 
the great need for hastening the application of the 
discoveries of science by training men and women for 
this purpose. He complimented the University of 
Bristol in devoting its greatest post-war expansion to 
this end. 

The complete building will comprise a central 
block around two small courtyards, with two large 
wings, running roughly east and west, to form 
a magnificent frontage over the City below. The 
whole building, 690 ft. long, is to be faced in light- 
coloured brick with its principal features in Bath 
stone. Of the three main floors, the ground floor 
will consist of the laboratories of mechanical engineer- 
ing in one wing, aeronautical engineering in the other, 
with civil engineering in the centre block. On the 
first floor, electrical engineering and geology will 
occupy two wings, with staff and student rooms 
occupying the central block, where the main lecture 
theatre forms the division between the two court- 
yards. The second floor provides lecture rooms and 
drawing offices and will house the departments of 
mathematics and theoretical mechanics. Completion 
of the interim stage is expected in two years. 


Lord Rutherford 


To mark the opening of the Rutherford Memorial 
Appeal in New Zealand, six addresses were delivered 
at Canterbury University College, Christchurch, on 
May 18. Three of these were afterwards broadcast. 
The text of the six addresses is reprinted in the July 
number of the \ew Zealand Science Review (9, No. 7), 
the official organ of the New Zealand Association of 
Scientific Workers. Lord Rutherford of Nelson was 
born on August 30, 1871, at Brightwater, near 
Nelson, in New Zealand. He was a student at 
Canterbury University College and graduated M.A. 
in 1893 with double first-class honours. He was 
awarded an 1851 Exhibition science scholarship in 
1895, and he left New Zealand to study in Cambridge 
under Sir J. J. Thomson. Except for brief visits on 
official occasions, Rutherford never took up residence 
again in his native land, although many New Zealand 
physicists came to Great Britain to study under him. 
Five of the addresses are by his former students. 
Rutherford’s early life is described by Dr. L. Bastings ; 
his connexion with Canterbury University College by 
Prof. R. 8. Allan, now professor and formerly lecturer 
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in geology at the College; and the period spent by 
Rutherford at McGill University and the University 
of Manchester by Prof. D. C. H. Florance, who worked 
with Rutherford at Manchester at the time when the 
latter was formulating his theory of atomic structure. 
Dr. G. T. P. Tarrant, now senior lecturer in physics at 
Canterbury University College, but who formerly 
spent eight years at Cambridge, three as under- 
graduate and five as a research worker directly under 
Rutherford’s guidance, contributes an appreciation of 
Rutherford and his work while at the Cavendish 
Laboratory, Cambridge. Dr. E. Marsden, who was 
associated with Rutherford both as student and 
colleague, and who has already paid tribute in Great 
Britain (Rutherford Memorial Lecture of the Physical 
Society, 1948) to Rutherford’s kindness, amiability 
and greatness, gives an account of him as @ man. 
The sixth address, by Prof. R. R. Nimmo, who 
recently returned to New Zealand after working for 
several years at the University of Birmingham on 
nuclear physics, describes the significance and 
importance of Rutherford’s work in present-day 
nuclear research. This special issue of the Review, 
illustrated with several interesting photographs which 
have been made available by Lady Rutherford and 
which are published for the first time, is a fitting 
tribute to the great man’s memory. 


Phytomorphology : a New Botanical Journal 


With the appearance of the first numbers of 
Phytomorphology, @ new botanical journal makes its 
appearance. This is the organ of the International 
Society of Plant Morphologists, founded at a meeting 
of the Pan-Indian Ocean-Science Congress held in 
Bangalore, India, in January of the current year. 
The object of the Society is to promote international 
co-operation in work on plant morphology, anatomy 
and embryology in the widest sense. It is hoped that 
the new journal will appear four times a year after 
the first year. Prof. P. Maheshwari, of the University 
of Delhi, is acting as convener of the Society and as 
editor (with the co-operation of botanists in different 
parts of the world) until formal elections to the 
executive council and editorial boaid can be held in 
1952. Already some 290 members had been enrolled 
by October 1. 

The first two numbers of vol. 1 of Phytomorphology 
make a substantial beginning. The papers include 
some of a specific factual kind and others in which 
themes of a more general character are discussed. 
Among the latter may be mentioned “The Use and 
Abuse of Anatomical Data in the Study of Phylogeny 
and Classification” (I. W. Bailey), ““The Relationship 
of the Caytoniales”’ (T. M. Harris), “‘Organization in 
Plants” (C. W. Wardlaw), ‘“The Male and Female 
Gametophytes of Angiosperms—An Interpretation” 
(E. Battaglia). A considerable paper on “The 
Leguminous Seed”’ is contributed by E. J. H. Corner, 
while A. G. Stokey has dealt in some detail with ““The 
Contribution by the Gametophyte to Classification 
of the Homosporous Ferns’’. The journal is printed 
in @ good clear type in double columns. The sub- 
scription is £2 10s. a year. 


Physics in Canada, 1951 


A RECENT publication of the Canadian Association 
of Physicists, ‘“Physics in Canada, 1951’’, contains 
several interesting articles and a valuable factual 
survey of research in physics in Canadian universities, 
research foundations and industrial and government 
laboratories, in addition to a directory of Canadian 


physicists. The preponderance of nuclear studies 
over other branches of physics is particularly striking. 
The director of the computation centre at the 
McLennan Laboratory of the University of Toronto, 
Dr. G. C. Gotlieb, in an article entitled ‘Machines 
for Thought’’, discusses the various types of com- 
puting machines and indicates their probable develop- 
ment and effects on scientific work. Turning to their 
effects on society, Dr. Gotlieb examines Wiener’s 
ideas on the subject as stated in the latter’s book, 
“The Human Use of Human Beings”, and asserts 
that -Wiener does not make it clear that the Indus- 
trial Revolution originates from a deeper source than 
the development of machines. Cosmic ray research in 
Canada is reviewed by Dr. D. C. Rose, of the National 
Research Council, Ottawa, and some trends in 
modern meteorology by Dr. D. P. McIntyre, of the 
Meteorological Division of the Department of Trans- 
port. ‘‘As I recall Rutherford” is the title of a brief 
article by Dr. C. H. Westcott, associate professor of 
physics at McGill University, and formerly of the 
University of Birmingham and the Telecommunica- 
tions Research Establishment, England. Dr. West- 
cott, in his appreciation of Rutherford, recalls some 
of the impressions he gained when a research student 
at Cambridge in the Cavendish Laboratory during 
the last four years of Rutherford’s directorship of 
the Laboratory. 


Publication of Papers by the Institution of Elec- 
trical Engineers 


A NOTEWORTHY modification in practice in regard 
to the publication of scientific papers by the Insti- 
tution of Electrical Engineers was initiated with the 
issue in October of a new section, Part 4, of the 
Proceedings of the Institution. In this new Part will 
be published from time to time, and in any case not 
less often than once a year, papers which are con- 
sidered to be of so specialized a character as to be 
essential to the work of only a'small minority of the 
readers of Parts 1, 2 and 3 of the Proceedings. The 
printing of such papers proceeds as soon as possible 
after their acceptance, and they are made available 
without delay as separate Institution monographs. 
The appearance of these is announced in the Journal 
of the Institution and on separate announcement 
sheets. A further step towards making Institution 
papers available as early as possible is the provision 
of early proofs of papers intended for presentation at 
@ meeting of the Institution. Papers accepted for 
reading have first to take their place in the programme 
of meetings and may, after being read, have to wait 
possibly four or five months before being published. 
These papers are now printed without delay, and 
proofs are made available as soon as they are ready 
and are announced along with the monographs. 
There are, however, no early proofs of papers which 
have been accepted for publication but are not for 
reading at a meeting. The price of early proofs is 
2s. 6d. and that of monographs Is. 3d., but the early- 
proof service provides, without further charge, a 
reprint of the paper together with the report of the 
discussion on it. To facilitate the purchasing of early 
proofs, reprints and monographs, books of eight 
voucher-labels are available at a cost of 10s. 


Earthquake Activity in New Zealand during 1949 


THE Bulletin of the Dominion Seismological 


Observatory, Wellington, extracted from the annual 
report for 1950 of the New Zealand Department of 
Scientific and Industrial Research, states that in 1949 
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the greatest number of earthquakes felt in New Zealand 
occurred during February of that year; and one of 
the strongest shocks of the year happened on February 
10 off the coast of South Taranaki. The highest 
intensities in this shock affected the Taihape-Wan- 
ganui area, and it was perceptible from Tolaga Bay 
to South Canterbury. A shock of intensity 6 on the 
Modified Mercalli scale occurred in the southern part 
of South Island on May 27; and one of intensity 
5-6 occurred between Murchison and Hanmer on 
September 28. On June 27 a shock in the White 
Island region occurred at a depth of 330 km. Shocks 
located in unusual regions occurred on April 14 and 
May 27, some 100-200 miles east of Christchurch, 
and on September 16 west of Cape Egmont. In all, 
ninety-seven earthquakes were reported felt during 
the year: seventy-one in North Island, thirty-four 
in South Island, and eight in both Islands. By 
arrangement with the Director of Meteorological 
Services, records from the Milne-Shaw seismograph 
at Suva, Fiji, were sent to Wellington for inter- 
pretation and publication of readings. Work has also 
been begun at the Observatory on a series of measure- 
ments of wave periods in local earthquakes, recorded 
at various seismograph stations in New Zealand, to 
provide some provisional data for the design of 
earthquake-resistant structures. 


Territorial Behaviour in Birds 


In some experimental work which involved the 
movement of nests within and across the boundaries 
of male territories in a small nesting colony of red- 
winged blackbirds (Agelaius phenicus), R. W. Nero 
and J. T. Emlen, jun., demonstrated certain char- 
acteristics of territorial behaviour which had not 
previously been described (Condor, 53, No. 3; May- 
June 1951). They show that the males recognized 
sharp and stable territorial boundaries which could 
be defined within a few feet and that they vigorously 
defended their territories against the intrusion of 
alien males, females or fledglings except when the 
latter were quiet ; they also tolerated the introduction 
of alien nests. The males did not extend their 
aggressiveness beyond their territory boundaries even 
in the defence of their mates or nests in neighbouring 
territories. The females freely followed their nests 
as they were moved experimentally through the 
territory of the mate, but assumed a subordinate 
attitude and followed with difficulty when their nests 
were transported across territory boundaries; they 
took no part in the defence of the male territory, 
but opposed the encroachment of alien females on 
their nest vicinities. Males eventually accepted alien 
females which persistently invaded their territories 
to reach transported nests, while female residents of 
the same male territory tolerated each other at close 
quarters after nesting was under way but repulsed 
actual visits to the nest. 


Council for the Promotion of Field Studies: 
Annual Report for 1950-51 


In his annual report for 1950-51 to the Council for 
the Promotion of Field Studies, the director, Mr. 
F. H. C. Butler, states that the hope that local 
authorities would provide grant-aid to students to 
meet the increased charges recommended by the 
Ministry of Education has not been realized. This, 
coupled with the fact that a large number of students 
are not eligible for grants of any kind, has resulted 
in @ serious decline in the number of students attend- 
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ing three of the Council’s centres. At the fourth, 
Matham Tarn, the support of authorities in the North 
of England, and of the West Riding of Yorkshire jy 
particular, has led to little decline in bookings, 
Hitherto, the salaries of scientific staff have been met 
by a direct grant from the Ministry of Education, 
and it would appear that the negative practice of 
providing grant-aid through local authorities jis 
bound to lead to insecurity and lack of confidence 
among the scientific staff at the centres. The methods 
of providing grants for the Council should be re. 
examined, and its needs both as regards capital and 
maintenance re-assessed with due regard to those 
problems of conservation and pressure of student 
population which are particular to the Council’s case 
(see Nature, June 30, p. 1041). 


The Biology of Hot and Cold Deserts 


THE Institute of Biology is arranging a three-day 
conference on “The Biology and Productivity of Hot 
and Cold Deserts’? during September 25-27 at the 
Royal Institution, London. Speakers from some 
eight countries have accepted invitations to give 
papers which will deal with problems of physiology 
and plant and animal ecology resulting from parti- 
cular geographical conditions. Further particulars 
will be available in due course from the Institute of 
Biology, Tavistock House South, Tavistock Square, 
London, W.C.1. 


University of Glasgow 


THE following lecturers have been appointed in the 
University of Glasgow: A. W. Babister (aeronautical 
engineering), S. A. Barrett (zoology), E. H. Bellamy, 
W. K. Burton, A. L. Cockroft and J. G. Rutherglen 
(natural philosophy), W. A. Donaldson, J. Hunter 
and A. P. Robertson (mathematics), A. B. Garven 
and J. E. Gibson (civil engineering), J. 8. 8S. Inglis 
(animal husbandry), 8. Jennings (veterinary surgery), 
J. Loudon (engineering production), I. M. McIntyre 
(veterinary medicine and surgery), H. A. Moisley 
(geography), W. Mulligan (veterinary biochemistry), 
and R. S. Patrick (pathology). R. Ogilvie MacKenna 
has been made librarian and keeper of the Hunterian 
Books and MSS. Group-Captain W. K. Stewart has 
been appointed honorary lecturer in aviation physiol- 
ogy. John B. Birks has resigned from a lectureship 
in natural philosophy to become professor of physics 
in Rhodes University, Grahamstown. For the present 
session, new admissions to the Science Faculty of the 
University amount to 232, compared with 250 a year 
ago; and there are about two hundred research 
students. Over all departments of the University, 
the total number of matriculated students is now 
about 6,500 (5,150 men and 1,350 women). 
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Announcements 


THE annual meeting of the Science Masters’ 
Association will be held in the University of Liver- 
pool during January 2-5, under the presidency of 
Dr. J. F. Mountford, vice-chancellor of the Univer- 
sity. Particulars can be obtained from W. G. Rhodes 
(Annual Meeting Secretary), 318 Granville Road, 
Sheffield 2. 


TuE Mathematical Association is holding its annual 
meeting during January 3-4 at the Polytechnic, 
Regent Street, London, W.1. Particulars can be 
obtained from F. W. Kellaway, 87 Pixmore Way, 
Letchworth, Herts, or Miss W. A. Cooke, High 
School, Slough, Bucks. 
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NEWCASTLE 


NE of the most difficult problems of the older 
< civic universities is that of finding room for 
the expansion necessitated by the large increase in 
the number of students and the widening scope of 
university studies. In Newcastle upon Tyne, King’s 
College (the Newcastle Division of the University of 
Durham) lies near the centre of the city, and the 
civic authorities, conscious of the value of the College 
to the city and much impressed by its development 
in recent years under the guidance of Lord Eustace 
Percy as Rector, have been of great assistance in 
making possible the expansion of the College in its 
present locality. It is thanks to their co-operation, 
and that of the freemen of the city, that an island site 
very near the old College has recently been made 
available for the erection of a new building for the 
Department of Mechanical and Marine Engineering, 
with its allied branches of Chemical Engineering, 
Production Engineering, Fuel Technology and Agri- 
cultural Engineering. 

This is the Stephenson Building, formally opened on 
November 28 by H.R.H. The Duke of Edinburgh, 
who explained in his speech that the building is named 
after George and Robert Stephenson, the father and 
son who did so much to develop mechanical engineer- 
ing. George Stephenson lived for a time within a 
stone’s throw of the site, and it is a matter for con- 
gratulation that the Department now possesses his 
portrait, recently presented to King’s College by Dr. 
S. F. Dorey, president of the Institution of Mechanical 
Engineers during 1950-51, and a former student of 
ihe College. It is a copy of the Lucas portrait painted 
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in 1847 when George Stephenson was the first presi- 
dent of the Institution of Mechanical Engineers. 

The Stephenson Building has been designed for the 
study and teaching of mechanical and marine engin- 
eering, and its allied branches. It will accommodate 
650 students in all. 

The Department is well known for its courses in 
marine engineering—only three British universities 
offer such a course. Of recent years, increasing num- 
bers of students from all parts of the world go to 
Newcastle, not only to attend the University course, 
but also to take advantage of the opportunity to visit 
local industries and works concerned with marine 
engineering and shipbuilding. Apart from the special- 
ized courses, of which marine engineering is only one, 
students from other branches of engineering and 
applied science attend the Department of Mechanical 
Engineering for part of their studies. Other buildings 
in the College are available for specialized instruction 
in electrical engineering, civil engineering, metallurgy, 
naval architecture and mining. 

In the Stephenson Building there is 70,060 sq. ft. of 
working floor space under cover, and half of this is on 
the ground floor. There is in addition an enclosed 
courtyard. To make the best use of the site an extra 
10,000 sq. ft. of floor space has been added by building 
an additional storey on the front part of the building. 
For the time being, the additional floor is being used 
to accommodate the Department of Mathematics, and 
the proximity of the Engineering and Mathematics 
Departments is expected to be to their mutual 
advantage. 





Aerial view of the Stephenson Building 
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Where very large rooms were required, for example, 
for laboratories for strength of materials, hydraulics, 
heat engines, chemical engineering and workshop, 
goods entrances have been provided directly into each 
laboratory, and overhead travelling cranes of 5 tons 
capacity have been installed. Service ducts are pro- 
vided underground to supply electricity, water, gas 
and steam to any point required on the ground floor. 

The laboratories have been designed so that changes 
can be made there as easily as possible. For example, 
there are test points in the walls for tapping off a 
substantial electricity supply for experimental work ; 
there are grillages in the floor to which apparatus and 
machined cast-iron blocks may be fixed whenever 
required. Concrete foundations for machinery have 
been used only when there was no other alternative. 
Service pipes have been fixed in many of the labora- 
tories high up on the walls, so as to make access easy 
for connexions and alterations. Classrooms and lec- 
ture theatres have been located in the upper storeys, 
away from the noise of the laboratories and work- 
shops. A noteworthy feature is the large number of 
small rooms used for study rooms, classrooms, offices, 
stores and research rooms. There are more than a 
hundred of these small rooms in the Stephenson 
Building, taking up nearly 40 per cent of the total 
working floor space. 

Private rooms for the teaching staff have been 
placed as near to the laboratories and workshops as 
possible. This has been achieved by arranging them 
on a gallery around the periphery of the laboratories, 
which has the advantage that it provides for observa- 
tion and supervision of the laboratories without 
perambulation. In the main block there is a single 
entrance for students and visitors, so that the 
laboratories are not used as corridors. 

A larger proportion of the resources available than 
is usual has been spent on workshop facilities. Prof. 
A. F. Burstall considers that a high-grade workshop 
equipped with up-to-date machine tools and measur- 
ing equipment is the first essential for a department 
of mechanical engineering, for the dual purpose of 
making apparatus for the whole Department (and for 
other departments of the College) and serving as an 
experimental laboratory for the course that has 
recently been started in production engineering. This 
workshop is particularly useful for making special! 
apparatus for students’ projects, which are specific 
tasks allotted to honours and postgraduate students 
and requiring the design and manufacture of a piece 
of equipment as part of the student’s training. Apart 
from its value for this purpose, it has been found a 
useful way of adding to the Department’s store of 
apparatus and special equipment. 

At a Congregation of the University of Durham held 
in the building before the opening ceremony, the 
honorary degree of doctor of civil law was conferred 
by the Vice-Chancellor on the Duke of Edinburgh. 
In declaring the building open, the Duke said that 
two-great wars had destroyed the prosperity which 
the Stephensons helped to create ; it is now the task 
of universities and technical colleges to train and 

develop the minds of men who may one day be the 
means of restoring that prosperity. Engineers and 
men of science must produce new ideas and improved 
ways of supplying the world’s demands. Prof. A. F. 
Burstall, head of the Department of Mechanical and 
Marine Engineering, in thanking the Duke for opening 
the building, said he hoped that the work done there 
would justify the faith of the University Grants 
Committee and the generosity of the Government. 
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PURIFICATION OF THE CELLULASE 
OF MYROTHECIUM VERRUCARIA 
By D. R. WHITAKER 


Division of Applied Biology, National Research Laboratories, 
Ottawa 
INCE the early work of Pringsheim, a multi. 
enzyme system has been repeatedly postulated to 
explain the enzymatic breakdown of cellulose to 
glucose’*. The evidence for this mechanism is largely 
indirect and, so far as I know, no extensive concen. 
tration or purification of any enzyme component has 
been reported. The need for more direct evidence 
prompts this communication on procedures for the 
concentration and purification of the cellulase in 
culture filtrates of Myrothecium verrucaria Alb. et 
Schw., strain USDA 1334.2. Many of the cellu. 
lolytic properties of this culture filtrate have been 
described by Saunders e¢ al.’. 

The mould was grown in a medium of 0-1 per cent 

glucose, 3 per cent benzene-alcohol extracted, ground 
cotton linters, and mineral salts of essentially the 
same composition as given by Saunders et al.°. No 
glucose was included in the medium for the shake. 
culture inocula. After nine to twelve days incubation 
at 30° C., with continuous aeration and rotary shaking, 
the medium was filtered, chilled to 1° C. and cleared 
in a Sharples super-centrifuge. 
_ Enzyme activity was assayed by the increase in the 
Somogyi reducing-sugar titre given by the enzyme 
after 17 hr. at 35° C. in a shaken 1 per cent dispersion 
of precipitated cellulose in 0:05 M acetate buffer of 
pH 5-6. Thymol was present as an antiseptic. 
The precipitated cellulose was prepared from non- 
absorbent cotton by the method of Scales‘, followed 
by dialysis, precipitation and washing with ethanol, 
and vacuum drying. The relationship between the 
concentration of enzyme preparation and the reducing- 
sugar titre was approximately linear at low enzyme 
concentrations. The assay standard was taken as 
0-5 ml. of untreated culture filtrate in 20 ml. of assay 
medium, and more concentrated solutions were 
assayed at dilutions giving approximately the same 
assay as the standard. 

The culture filtrate was concentrated in 30-litre 
batches to about 8 litres by two passages at 30° C. 
through a Bartholomew evaporator®, and then to 
about 3 litres by slow freezing at — 12°C. in an 
insulated glass jar, the ice being removed in a basket 
centrifuge. This concentration caused little loss in 
activity. The concentrate was cleared in a high-speed 
centrifuge and fractionated at pH 7 with ammonium 
sulphate ; the precipitate forming at between 30 per 
cent and approximately 95 per cent saturation con- 
tained most of the activity. It was centrifuged to 
minimal volume, extracted by shaking with 200 ml. 
of distilled water for 6 hr. at 1° C., and the extract 
cleared by centrifuge. A typical extract, with a pro- 
tein content of 2-6 per cent, had approximately a 
hundred times the activity of the original culture 
filtrate. There was no appreciable loss in activity on 
freeze-drying or on dialysis against dilute phosphate 
buffer with gold-beater’s skin membranes. In the 
ultracentrifuge, the extract showed only one peak 
at pH 6-8, but this spread rather rapidly, suggesting 
polydispersity (Fig. Al). Electrophoresis at pH 6:8 
showed at least four components (Fig. A2). 

This extract could be purified chromatographically 
on calcium phosphate gel columns by the method of 
Swingle and Tiselius*. The most active fraction was 
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First extract. Protein concentration 0-61 per cent, 
H 6°38, 40-2. Speed, 60,000 r.p.m. 
Fig. A2. First extract. Protein concentration 0-61 per cent, 
pH 6-8, u 0-2 
Fig. B. Fraction 2. Protein concentration 0-66 per cent, pH 6°8, 
uw 0-2 


Fig. Al. 


obtained by adsorption at 1 per cent protein concen- 
tration in 0-001 M KH,PO,,Na,HPO, at 1° C., and 
elution with 0-05 M KH,PO,,Na,HPO,. Its activity 
per unit protein concentration was approximately 
double that of the extract. The main change in the 
electrophoretic pattern was a marked reduction of 
the slowest-moving component, and, in addition, a 
further minor fast-moving component could be 
resolved. Total recoveries from the columns were 
low, there being a marked tailing effect on elution. 

A simpler fractionation is by ammonium sulphate 
precipitation in 2N acetate buffer of pH 5-6. On a 
1 per cent protein solution, pooled from the most 
active chromatographed fractions, fraction 1 (pre- 
cipitated at 50 per cent saturation) contained 23 per 
cent of the total protein and 18 per cent of the total 
activity towards precipitated cellulose. Its electro- 
phoretic pattern showed marked enrichment in. the 
fastest- and the slowest-moving components. Frac- 
tion 2 (precipitated at 100 per cent saturation) con- 
tained 72 per cent of the protein and 81 per cent of 
the activity. Its electrophoretic pattern (Fig. B) 
showed appreciable enrichment in the main inter- 
mediate component and appreciable loss in the fastest 
and slowest ones. 

The enrichment of fraction 2 in activity towards 
precipitated cellulose was accompanied by enrich- 
ment in activity towards cellobiose and towards 
linters swollen in alkali by the method of Jorgensen , 
a swelling treatment claimed to cause only a conver- 
sion of crystalline to amorphous cellulose. Assays 
with swollen linters gave a somewhat higher value 
(c. 85 per cent) for the total activity in fraction 2. 
Assays with cellobiose gave results that depended on 
the concentration of cellobiose, hydrolysis appearing 
to be inhibited at higher concentrations. However, 
at all concentrations tested, from 0-1 to 1 per cent 
cellobiose, fraction 2 had the highest activity. 
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The rate of enzymatic hydrolysis varied greatly 
with the substrate, the following data for fraction 2 
being typical : 


0:1 per cent cellobiose, 0-0025 per cent 
protein : 54 per cent hydrolysis in 17 hr. 

1 per cent precipitated cellulose, 
0-0003 ge cent protein : 

1 per cent swollen linters, 0-0006 per 
cent protein : 5-2 

1 per cent ground linters, 0-006 per 
cent protein : 12 ., 


” ” 7 99 8D 


bo 


” ” 9 oe 


” ” 40 ” 


The percentage hydrolyses for the celluloses were 
calculated by converting reducing-sugar titres to 
glucose and are thus minimal. Untreated linters was 
thus very slowly attacked. The importance of its 
crystallinity in this respect has been stressed by 
Pigman”. 

I am indebted to Dr. W. H. Cook and Dr. J. R. 
Colvin of this Division for the ultracentrifugal and 
electrophoretic examinations. [July 12. 

* Levinson, H. S., Mandels, G. R., and Reese, E., Arch. Biochem., 
81, 351 (1951). 

* Reese, E., Siu, R. G. H., and Levinson, H. S., J. Bact., 59, 485 
(1950). 

* Saunders, R. R., Siu, R. G. H., and Genest, R. N., J. Biol. Chem., 
174, 697 (1948). 

‘Scales, P. M., Z. Bact. Parasitenk., 2 Abt., 44, 661 (1916). 

* Bartholomew, W. H., Anal. Chem., 21, 527 (1949). 

* Swingle, S. M., and Tiselius, A., Biochem. J., 48, 171 (i951). 


* Jorgensen, L., “Studies on the Partial Hydrolysis of Cellulose”, 
140 (Oslo: Trykt Hos Emil Moesture, 1950). 


* Pigman, W., “The Enzymes’, 1, Pt. 2, 733 (New York: Academic 
Preas, Inc., 1951). 


WORLD CONFERENCE ON 
DOCUMENTATION 


“THE eighteenth Conference of the International 

Federation for Documentation was held in 
Rome during September 15-21, under the auspices 
of the Consiglio Nazionale delle Ricerche. 

More than three hundred participants, representing 
thirty-one countries and a few supra-national bodies, 
including the Organization for European Economic 
Co-operation, Unesco and the Food and Agriculture 
Organization, took part in the proceedings, which 
were inaugurated by an official ceremony at the 
Capitol. The entire Conference was housed in the 
building of the Consiglio Nazionale delle Ricerche, 
Piazzale delle Scienze, in front of the Citt&é Univer- 
sitaria. 

More than one hundred papers had been prepared, 
and, with most of them printed and some duplicated, 
they filled four bulky volumes which take a few weeks 
to study. To facilitate reference, not only for the 
future, but also, mainly, for purposes of the Con- 
ference, these papers have been listed in two ways : by 
country and subject. It is thus possible to gain an 
overall picture of achievements, ideas, suggestions in 
a particular country, or study developments, trends 
and openings in any specialized field. The listing by 
subject followed closely the grouping adhered to in 
the Conference programme as follows: (1) applica- 
tion of the Universal Decimal Classification; (2) 
documentary reproduction methods and mechanical 
selection devices ; (3) bibliography and abstracting ; 
(4) auxiliary publications; (5) training of docu- 
mentalists ; (6) gerieral problems of classification ; 
(7) linguistic problems and terminology. 

It was unfortunate that only a few delegates had 
received their papers in time to allow preparatory 
study. For technical reasons, outside the control 
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of the organizers, the rest became available for 
distribution only after the proceedings had started. 

It would require a separate article to assess the 
encyclopedic value of these papers, record their 
contributions to routine, point to new problems which 
are raised and new approaches which are suggested. 
The present review must limit itself to the Conference 
and its outcome. 

The main topics discussed by the various sections 
may be briefly described by abbreviated versions 
of the recommendations. The recommendation of 
Section (1) refers to the question of authorities 
responsible for publicizing and explaining the prin- 
ciples and practice of the Universal Decimal Classi- 
fication. Among the specific tasks recommended for 
immediate attention, the following are especially 
mentioned: compiling and circulating a list of 
Universal Decimal Classification users; securing 
distribution of the new cumulative Extensions and 
Corrections to the Universal Decimal Classification ; 
preparing a short edition based on the latest available 
Dutch ‘“‘Verkorte Uitgave” ; assisting in the revision 
of specific Universal Decimal Classification sections 
with special reference to the preparation of the fourth 
(English) and fifth (French) editions ; preventing the 
distribution of unauthorized editions. Multilingual 
editions were also recommended by the Section. 

The deliberations of Section (2) were centred on the 
comparative merits of the different micro-techniques, 
and the recommendations limited to matters of format 
and terminology. Questions of method and policy, 
touched upon in some of the printed papers, did not 
come up for discussion. Some of the delegates found 
fault with the exhibition of technical devices, organ- 
ized for the Conference at the Istituto di Matematica, 
because it did not offer the ultimate solution of their 
problems. While the scope of the exhibition did not 
differ greatly from similar shows previously displayed 
in Britain or elsewhere, attention might be directed 
to a series of microcard readers, at different price- 
levels, from the United States, and to a prototype of a 
simple camera of Italian make for taking flat micro- 
film of the ‘fiche’ or sheet type. This type of film, 
incidentally, is gaining popularity (as might have been 
foreseen) for purposes where convenience of handling, 
filing, and so on, are more important than speed of 
initial operation. 

Section (3) emphasized the need for better dissemin- 
ation of technical information contained in patent 
specifications, recommended the drafting of standards 
for citations and descriptions of references, and dis- 
cussed the possibility of standardizing the biblio- 
graphical and formal presentation of abstracts. 

The discussions of Section (4) resulted in a recom- 
mendation urging universities and scientific institu- 
tions to have academic writings which they deem 
important published or reproduced by an appro- 
priate process in numbers sufficient for the needs of 
exchange purposes, and noting, further, that such 
exchanges should not be based on the monetary 
value of the document. The Section also suggested 
that “other scholarly production existing only in 
manuscript form should be listed in analytical biblio- 
graphies with indication of the depository library or 
documentation centre able to supply copies upon 
demand. 

Much thought was devoted by Section (5) to the 
problem of training documentalists. It was, inter alia, 
suggested that archives and museums should be 
invited to participate in the deliberations hitherto 
attended mainly by librarians; that professional 
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education should be regionalized wherever such 
development might be considered useful; that 
prototype programmes of education in documenta. 
tion should be discussed in 1952, and a conference of 
persons responsible for the training of librarians and 
documentalists should be convened for 1953. It wag 
finally suggested that, in response to an international] 
need, documentation should be recognized as a pro- 
fession in its own right, and that a professional statute 
for documentalists should be drawn up. 

Section (6) recommended a survey of the different 
systems of classification now used in libraries, archives, 
documentation centres and government offices, and 
expressed the hope that possibilities of co-ordinating 
the different systems might be explored. 

The recommendations of Section (7), worked out in 
considerable detail, may be summarized as follows, 
The specialized dictionaries hitherto available cover 
no more than a small part of all technical subjects and 
languages. Most of these dictionaries are technically 
inadequate from the user’s point of view. Production 
of specialized vocabularies should be organized on 
international and national levels, and should be 
preceded by preparatory tasks under these headings : 
standardization of terminological and lexicographical 
principles; compilation of terminological _biblio- 
graphies and directories of organizations dealing with 
terminological questions; compilation of biblio. 
graphies of classifications and of directories of 
organizations dealing with classifications. The various 
tasks should be assigned to specialized agencies, and 
only the international co-ordination should remain 
centralized. 

The full text of the recommendations—of which 
only the gist could be given here—was formally 
adopted by the plenary session and submitted to the 
Council of the International Federation of Docu- 
mentation, of which M. Arne Moller (Denmark) is 
now president. 

The working programme of the Conference was 
pleasantly interrupted by a number of social engage- 
ments. A special and unexpected event was the 
audience granted to the participants of the Conference 
by the Pope at the Palazzo Pontificio di Castel 
Gandolfo, the Pope’s private residence in the Alban 
Hills. His speech, in French, in which he summed 
up the problems confronting documentation, was 
afterwards published in the Osservatore Romano on 
September 21. Lucia MOHOLY 


STATISTICAL METHODS IN 
CHEMISTRY 


N October 25, the London and South Eastern 
Counties Section of the Royal Institute of 
Chemistry held a discussion on “The Application of 
Statistical Methods to Chemistry’’. This was planned 
as a supplement to the course of lectures on statistical 
methods given for the Institute by Mr. D. R. Read 
in September 1950. Under the chairmanship of Dr. 
C. W. Herd, more than two hundred members 
assembled to hear four speakers give prepared 
answers to questions that had been submitted and 
to inquire for further information on special points. 
In the first of the four short papers, Dr. E. C. 
Wood described how careful attention to experi- 
mental design can benefit the chemist. He emphasized 
particularly the difference between the ‘classical’ 
approach of testing each relevant factor in turn, in 
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order to assess its effect on a quantity to be determ- 
ined, and the modern method of factorial design. 
He showed that, when the best value for one factor 
in a chemical reaction depends upon the level of 
others, the classical method might fail to discover 
the optimal conditions in respect of the several 
factors. The alternative of testing a carefully selected 
set of combinations of levels of all the important 
factors may give more information on the optimal, 
from a smaller total number of observations yet with 
increased assurance that relevant interactions of 
factors had not been overlooked. Dr. O. L. Davies 
supplemented Dr. Wood’s remarks by illustrating 
how, when tests of combinations of factors are to be 
made in succession rather than simultaneously, 
recent developments of special designs in the ‘steepest 
ascent’ technique can be made to yield information 
on the optimal even more economically. Dr. D. J. 
Finney later directed attention to the importance of 
randomization and the true independence of replicate 
observations in order that valid assessments of 
experimental error might be made. 

In the second paper, Dr. D. J. Finney was con- 
cerned with the problem of choosing a form of curve 
to represent experimental data. He said that if 
mathematical theory can suggest the appropriate 
type of curve, this should be used and statistical 
theory would then show how to estimate it. If not, 
the experimenter should ask himself whether he 
really wants a curve, and should not try to fit one 
unnecessarily. Various transformations might be 
tried in order to bring a freehand curve into approx- 
imately linear form ; but data additional to the first 
experiment would be needed in order to estimate 
the relationship as well as to infer its form. For 
smoothing and interpolation, as distinct from study 
of the fundamental relationship, the precise form of 
curve is often unimportant, as, for example, in bio- 
assay. He warned particularly against extrapolation 
and against confusion of purpose between a 
‘utilitarian’ curve and one representing fundamental 
properties of the material. Mr. D. R. Read illustrated 
the occasional need for fitting a complicated curve. 

Dr. Davies had been asked to discuss a particular 
question relating to the sampling of tablets required 
to conform to a specification of density. He spoke 
of the need for care in the selection of a representative 
sample from each batch of tablets. This sample 
must be large enough to give reasonable confidence 
that a bad batch will not be accepted as good, nor 
will a good batch be rejected as bad on account of 
sampling variations. He gave details of two statistical 
tests, both sequential. The first involves classification 
of a random succession of tablets as ‘good’ or ‘bad’ 
until evidence on the proportion of good ones enables 
a decision to be taken. The second, using a sequential 
t-test, requires .measurement of the density of cach 
tablet instead of mere classification, but on an 
average would permit a decision to be reached from 
examination of about half as many tablets; the 
choice between the two methods must depend upon 
the relative costs of classifying a tablet as good or 
bad and measuring its density. For either test, the 
tablets in the whole sample selected must be examined 
in random order. Dr. Wood mentioned the dangers 
of uncritical use of sequential sampling. 

Mr. Read’s paper related to the rejection of 
apparently anomalous outlying members of a series 
of chemical determinations. He said that, though 
some discrepant observations might justifiably be 
rejected because of known accidents or anomalies 
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during the experiments that produce them, the chief 
difficulty relates to whether (and when) observations 
might be rejected purely on the internal evidence 
that they had been affected by exceptionally large 
‘random’ errors. He held that even in these circum- 
stances an observation may occasionally be legit- 
imately rejected, in the light of common sense, 
knowledge of relevant circumstances, and demon- 
stration that its value is almost certainly too 
discrepant to be due to chance. He presented 
several statistical tests recently proposed for assess- 
ing the evidence for significant aberrancy in outliers, 
and suggested comparing their merits in terms of the 
probabilities that they would discover the con- 
tamination of a set of observations by an accidental 
error of specified size. He considered that one or other 
of these tests might be of real practical value, but 
that neither should be uncritically adopted. Dr. 
Finney and Dr. Wood later expressed doubts about 
the general utility of statistical tests for making 
what is basically a moral decision: whether or not 
to regard a particular observation as the product of 
accident, incompetence, or lunacy (rather than as a 
fair representation of natural deviation from a norm), 
on the sole basis of the internal evidence of the data. 
Dr. Wood nevertheless advised that long experience 
of the type of variation normally encountered with 
certain material might justify the experimenter in 
attributing an occasional aberrant value to an un- 
suspected accident. 

The chairman then reviewed the papers. Before 
opening the-meeting to general discussion, he com- 
mented on two matters: the frequent need for a 
decision, at one moment of time, on the sampling 
procedure for a bulk of material (such as a consign- 
ment of iron ore) that would thereafter not be 
available for further study, and the permissibility of 
rejecting a measurement about the validity of which 
an expert analyst is suspicious even though he cannot 
assign a reason. In reply, Dr. Davies emphasized 
the need for treating every sampling problem on its 
merits, in the light of knowledge of the material and 
its variability ; the statistician could not devise a 
good scheme without preliminary study, possibly 
based upon a pilot sample. Mr. Read pointed out 
that only the experimenter could decide whether his 
‘hunch’ justified him in rejecting the observation 
immediately or in making further experiments and 
applying a statistical test for rejection. 

The questions and discussion that followed were of 
great interest, but can be reported only briefly. 
Many raised further points about the rejection of 
outliers. Mr. A. L. Bacharach pointed out that Dr. 
Wood's suggestion of deciding on rejection from past 
experience of the reasonable variation in the material 
under test is essentially an appeal to a statistical 
criterion (or else a doctrine of expediency). Dr. 
Finney suggested that control charts might be 
adapted to the evaluation of past experience in 
relation to rejection, and Mr. Sears said that 
the Institute of Petroleum has recommended some- 
thing of this kind. Mr. Battersby mentioned that, 
in the analysis of bauxite, if two different analyses 
are seriously discrepant, it is customary to make 
several additional analyses and to average all results 
without rejection. Mr. Haslam spoke of the need for 
checking the effect of the personal factor, by making 
analyses or other measurements on material the 
true nature of which is known to others but not to 
oneself. Mr. Stevens commented on the danger 
of a spurious appearance of precision when publica- 
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tion of an analytical process in a standard work of 
reference is based upon multiple analyses in one 
laboratory: other workers, whose laboratories are 
possibly less exactly controlled, may show much 
poorer agreement through no fault of their own. 
Dr. Davies agreed that different laboratories often 
show appreciable differences in standard analyses. 
Dr. Finney emphasized the need for remembering 
that any standard deviation relates to the variation 
from a particular set of causes, and may well fail to 
characterize the dispersion of actual observations 
when additional sources of variation are introduced. 
Mr. Bacharach argued strongly that new standard 
analytical techniques ought to be studied col- 
laboratively in several laboratories ; he also reminded 
the audience that outliers should never be rejected 
without examination of causes, for observations that 


were apparently anomalous have often been the. 


start of great new developments. Mr. Smart quoted 
an instance of a set of two hundred observations 
that conformed excellently to a normal (Gaussian) 
distribution if six extreme values were rejected ; 
Dr. Finney maintained that this in itself did not 
justify the rejection unless there were strong @ priori 
reasons for believing that the true distribution was 
normal. 

Mr. Senior asked for advice on the sampling of 
very valuable material, for which the actual cost of 
the portion used in analysing a sample might be 
important. Dr. Davies suggested that the difficulty 
could be removed by the chemist devising techniques 
for the analysis of very small quantities. Dr. Wood 
pointed out that the policy to be adopted must be 
determined on economic grounds: if decisions of 
great monetary or other importance depend upon 
reliable analytical information, even large expenditure 
on sampling may be a desirable measure of insurance 
against grave errors. 

Several other inquiries related to the sampling of 
continuous processes. Mr. Hewitt asked about the 
frequency with which indicators of a process ought 
to be read in order to provide adequate evidence of 
whether or not the process is in control. Mr. Soper 
suggested standard quality-control practices of 
intensifying observations when the control is under 
suspicion. Dr. Davies said that observations must 
be frequent enough to detect fluctuations of a size 
that would be important to the process, and that 
only by knowledge of the process could any more 
exact guidance be given. Dr. Wood warned against 
dependence on observations at regular intervals of 
time, regular in relation to shifts, or in any other 
way likely to be related to periodicities in the process, 
since periodic changes might impair the validity of 
estimates of variability ; Dr. Finney directed atten- 
tion to the non-independence of successive observa- 
tions on a continuous process and the possibly 
autoregressive character of the errors. 

In reply to a question from Mr. Berkovitch 
about the number of levels of various factors to be 
used in a factorial experiment for the estimation of 
optimal conditions, Dr. Wood suggested that three 
or four levels of each factor usually suffice. Dr. 
Finney thought that many factors at two levels each 
might be used in a preliminary trial, and those that 
were found most important might later be tested 
more intensively, at three or four levels each, over a 
narrower range. Dr. Davies again emphasized the 
great advantages of a sequential steepest-ascent 
investigation where this is practicable. Mr. Berko- 


vitch also suggested that extrapolation from a set of 
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observations, in spite of its logical and theoretical] 
flaws, may legitimately be used to indicate usefy] 
lines for further experimentation ; Dr. Finney fully 
agreed that this is valuable and certainly permissible 
provided that the extrapolations are not regarded 
as established before experiment has confirmed or 
refuted them. Mr. Soper suggested that time ought 
often to be regarded as a factor in an investigation, 
and all experiments repeated at two or three distinct 
times, since extrapolation in time is essential to the 
usefulness of any inferences drawn. 
D. J. Finney 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING, 
SHINFIELD 
REPORT FOR 1950 


HE farm must obviously be the site of much of 

the experimental work of a research organiza. 
tion such as the National Institute for Research in 
Dairying, Shinfield, and in the annual report for 
1950, which has recently been published*, it is made 
clear that the farm is the important background of 
much of the laboratory work. The Institute has two 
farms, covering about seven hundred acres, with 
more than two hundred head of cattle—largely Short- 
horns but with some Friesians and Guernseys. As 
in many other agricultural research centres, some 
developments, particularly those involving buildings, 
are unavoidably slow, and preparation for them 
occupies @ lot of the time of the staff. But within 
these limits the work of the farms is very progressive, 
including the implementing of a well-defined breeding 
programme and the careful cataloguing of all records 
that may conceivably be needed in the interpretation 
of experimental results. 

Besides maintaining the essential work and records 
of the farms as such, the Dairy Husbandry Section 
has a good deal of experimental work to its credit, 
including a continuation of studies of the rates of 
milking, of the suitability of certain fodder crops 
for milk production, and various experiments on the 
rate of growth and milk yields of pigs. 

For some years the Institute has been concerned 
with factors affeciing the efficiency of the use of food 
by ruminants, and the experimental work has lately 
been much facilitated by the design of a harness for 
the satisfactory separation of the urine and the 
feces of the dairy cow. Much of this work has since 
been published. In the recent work it has been 
found that the softening of finely divided hay (as 
opposed to long hay) by grinding in the mouth 
reduces the ability to regurgitate. Initiation of the 
regurgitation reflex has, however, sometimes been 
brought about by appropriate hand-scratching. 

It has been found that diets low in roughage cause 
a reduction in fat yield but do not affect the percent- 
age of non-fatty solids. The properties of butter 
were affected, too, by low roughage diets, the 
butter having a higher percentage of unsaturated 
acids and a low softening point. 

The report for last year called in question the use 
of lignin as a ‘reference’ substance in studying rates 
of digestion. The validity of using lignin depends 

* University of Reading: National Institute for Research in Dairy- 


ing. Report for 1950. Pp. 103. (Shinfield: National Institute for 
Research in Dairying, 1951.) 38. 
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on the assumption that it is not digested ; but recent 
work at the Institute has shown that the results of 
the estimation of lignin digestion can differ consider- 
ably according to the method used, and also by the 
same method according to differences in composition 
of the diet. The lignin ratio technique is therefore 
suspect. 

The important work following the recent demon- 
stration of estrogen in British pasture is continuing 
in conjunction with the Courtauld Institute cf the 
Middlesex Hospital. While cestrogenic activity was 
marked in grasses in 1949, there was little in 1950, 
and attention has been given to broad red clover, the 
wstrogen content of which seems to be more consist- 
ent. The work has been largely directed to the identi- 
fication and separation of the active substances and 
to their occurrence, distribution and physiological 
action. Isolation is proving a difficult problem, but 
work is being pursued with a good hope that cestro- 
genic substances will be identified without isolation 
by a radioactive isotope method. 

Work continues on the effects of different levels 
of q@strogen on mammary growth-rates in rats. 
American work having shown that a deficiency of 
folic acid restricts the effects of cestrogen in growth- 
rates in other connexions, the effect of administering 
a folic acid antagonist is being investigated in this 
work. While it is well established that aminopterin 
has a pronounced effect on body growth in general, 
nothing specific to mammary growth has yet been 
found. 

The continued study of the synthesis of the fatty 
acids of milk from acetate (using sodium acetate with 
radioactive carbon in the carboxyl group) gives 
further evidence of the view that short-chain acids 
are intermediate in the formation of long-chain acids 
from acetate and emphasizes the importance of fatty- 
acid synthesis in the udder from small molecules. 
The belief that the utilization of acetate for milk 
fat synthesis takes place in the udder itself has been 
substantiated by experiments in which reactions in 
the liver and elsewhere were excluded. 

Bacteriological work is involved in a large number 
of investigations, and the bacteriological examination 
of the milk produced on the farm has been systematic- 
ally carried out. The Institute has co-operated in the 
work of a committee appointed by the Ministry of 
Agriculture to examine the resazurin and methylene 
blue tests, and investigations have been carried out 
into faults in cream and sterilized milk. The study 
of the classification of streptococci and lactobacilli 
continues to occupy several members of the staff. 
Work on the problem of fat absorption by the cup 
liners of milking machines, referred to in a pre- 
vious report, has been finished, and the incorporation 
into the linings of a proportion of synthetic fat- 
resistant rubber has been shown to be possible. 

Some interesting work is in progress on the role of 
micro-organisms in the synthesis of B vitamins in 
the rumen. Straw pulp, alkali-treated straw, hay and 
concentrates showed, in the order named, decreasing 
amounts of vitamin complex synthetized and a corre- 
lated decrease in the number of micro-organisms in the 
rumen fluid and on the food. 

There is a good deal of work on the effects of anti- 
biotics. The effects of certain antibiotics in accelerat- 
ing growth in normal chicks have been confirmed. 
With chicks deficient in animal protein factor, how- 
ever, this stimulation only occurred with vitamin 
By, which can presumably replace the other com- 
ponents of the animal protein factor. In work on 
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the production of antibiotics, no streptococci outside 
the lactic group have yet been found with antibiotic- 
producing power. 

Study of the physical properties of cheese has sug- 
gested some practical tests for quality assessment. 
The physical and rheological properties of butter have 
been claiming attention, but the work has not yet 
reached a stage for report. 

The proteins of milk are the subject of a number of 
investigations. Work connected with the inactivation 
of lysine during the storage of dried skim milk gives 
support to the view that lysine is not essential for 
maintenance in rats. The preheating of milk under 
pressure before spray-drying did not seem to affect 
either the biological value or the digestibility of the 
protein. There is evidence that vitamin By, is in- 
volved in protein metabolism : the biological value of 
casein fed to chicks without B,, was 82:2; with 
vitamin Bie it was 89-7. 

The testing of all kinds of equipment is a continual 
concern of the Engineering Department. The work 
there, however, is not confined to routine ; it includes 
studies of the electronic treatment of milk and of 
boiler water and the ultra-violet irradiation of milk. 
In much of this work the staff are in close contact 
with workers in other countries. 

Reference can only be made in this short account 
to some of the work being done ; but these references 
will show the kind and the diversity of the work, and 
a catalogue of it can be seen in the list of ninety-five 
publications appended to the report. 


MELLON INSTITUTE, PITTSBURGH 
ANNUAL REPORT FOR 1950-51 


HE thirty-eighth annual report of the president 

of the Mellon Institute, Dr. E. RK. Weidlein, to 

the board of trustees, published under the title 
“Current Scientific Researches in Mellon Institute, 
1950-51"°*, covers the year ended February 28, 1951. 
During this year the Institute’s building was com- 
pleted, including new executive offices, a new period- 
ical room for the library and a new conference room. 
In the Department of Chemical Physics a col- 
laborative programme on the properties of synthetic 
rubber, initiated under the «gis of Multiple Fellow- 
ships, designed to study the infra-red spectra of 
rubber-like polymers, has already shown that some- 
times both cis- and trans-polyisoprenes are produced 
by the same biological plant. A special Weissenberg 
camera and a Laue camera have been designed and 
built for the crystal study at temperatures down to 
that of liquid nitrogen of compounds normally liquid 
or gaseous at room temperature. Research in physical 
chemistry has been principally in the theory of dis- 
tillation, including a completed study of the per- 
formance of intermittent take-off heads for distillation 
columns. In the Department of Organic Chemistry 
work has persisted on diabetes caused by alloxan, 
and work on the biochemistry of mental diseases has 
tentatively confirmed the hypothesis that the urine 
(and, presumably, the blood) of some patients con- 
tains a pathological constituent, suggesting that the 
patients also suffer a metabolic or endocrine dis- 
turbance. ‘Two series of pteridine derivatives were 
in the course of being studied—one related to folic 


* Current Scientific Researches in Mellon Institute, be at 951: the 
oom -eighth Annual Report of the President, E. R. Weidlein, to the 

Board of Trustees of the Institute for the Fiscal Year ended February 
28, 1951. Pp. iv+52. (Pittsburgh, Pa. : Mellon Institute, 1951.) 
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acid, and the other to the antagonist, aminopterin. 
The fellowships which began in 1950-51 have been 
for research on artists’ materials, the technology of 
furfuraldehyde, matches, meters, and nitrogen com- 
pounds, and a comprehensive programme on special 
fibres. Fellowships completed during the year dealt 
with the processing of fibres for felt hats, the neutral- 
ization of acid mine drainage, the properties of silica 
gel and the related oxides and the influence of 
methods of preparation on properties, catalysts for 
butadiene and synthetic rubbers, the preparation of 
collapsible tubes from plastics, and the dimensional 
stabilization of wood by impregnation with a phenolic 
resin or other chemicals. 

The bulk of this report is concerned with research 
under continuing fellowships, and of these it is only 
possible to mention but a few to illustrate the wide 
range of activities at the Institute. Under the 
Optical Glass Fellowship the variations in physical 
properties with heat treatment are being investigated, 
while during the fifteenth year of the Mineral Products 
Fellowship four products from siliceous wastes from 
plate-glass plants have been derived. The Ceramic 
Chemicals Fellowship has been extended to studies 
of the fundamental reactions of vitreous enamels and 
to the formulation of compositions yielding enamels 
which mature at relatively low temperatures and 
which can be fired at higher temperatures without 
change in opacity or colour and are highly resistant 
to acid. Work under the Multiple Fellowship on Acid 
Recovery has been directed to simplifying a process 
for the recovery of manganese from low-grade ores 
with waste pickle liquor, and under that on Chemical 
Storage a report has been made on the proper storage 
of forty-four different substances, and also on 
evaluating the stresses in large tubular elevated 
water-tank columns. A similar Fellowship on 
Insulation and Roofing has provided technical 
information on a new ‘Super-Light’ 85 per cent 
magnesia insulation and the development of a new 
high-temperature insulating material, “T‘empchek’. 
The Fine Wire and Flat Strip Fellowship has been 
turned to the production of fine flat-strip for use in 
such end-products as razor blades, clock and watch 
springs, pen points and umbrella ribs. 

Under the Multiple Fellowship on Nickel a study 
has been made on several supported nickel sulphide 
catalysts in the hydrocarbon-steam reaction in the 
presence of sulphur compounds. The report reviews 
briefly the twenty years of work under the Multiple 
Fellowship on Sulphur ; the causes, prevention and 
control of bituminous coal-waste fires were being 
investigated under the Coal Waste Control Fellow- 
ship, while under the Fellowship on Tar Constituents 
new methcds have been worked out for the analysis 
of crude phthalic anhydride, for the determination of 
thionaphthen in naphthalene and the analysis of 
commercial divinylbenzene. Research under a 
Fellowship on Effiluents has led to the isolation of 
strains of micro-organisms which utilize phenol, and 
has built up their tolerance to a strength which will 
destroy phenol in concentrations of 500—1,000 p.p.m. 
in a modified mineral-salts bacteriological medium ; 
under a Fellowship on Aromatic Anhydrides improved 
catalysts for the manufacture of phthalic anhydride 
have been developed ; and under another on Special 
Resins a thorough kinetic study has been made of 
the condensation of resorcinol with formaldehyde in 
various solvents. The work of a Multiple Fellowship 
on Petroleum has included the separation and 
identification of sulphur compounds in crude oils, the 
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deterioration of lubricating oils by oxidation and the 
study of metallic catalysts for hydrocarbon synthesis 
from carbon monoxide and hydrogen. A fundamental 
study has been made of the factors affecting the loss 
of activity of granular sugar-refining absorbents in 
service, while the piperonyl insecticides have been 
proved safe to warm-blooded animals and are being 
used in liquid insecticide aerosol formulations, and 
especially for the protection of stored grain. 

Under a Silk Fellowship the factors in the throwing 
operation which may affect the dyeing characteristics 
of nylon have been investigated as well as new sizing 
materials available for nylon yarns. Under the 
Garment Filling Fellowship a new fibre-forming 
process, by the corrugation of fibrous webs, has given 
fillers of exceptional resistance to compression, while in 
research on fillers for sleeping-bags an entirely new 
process for utilizing chicken feathers has been 
developed. Further work on the effects of various 
‘size additives’ has been carried out under the Paper 
Fellowship, and considerable progress has _ been 
achieved during the year under a Multiple Fellowship 
on Synthetic Rubber Properties in techniques for 
determining molecular structure and for studying 
physical properties. A detailed examination of the 
dynamic and creep properties of polyisobutylene as 
a function of frequency and temperature has been 
completed. 

During the year, under the Multiple Fellowship on 
Organic Synthesis, some 130 new products were made 
available in research quantities, fifteen new com- 
pounds, including substituted glycols and aromatic 
glycol ethers, were prepared in pilot plant equipment, 
and the feasibility of solvent recovery with activated 
carbon was investigated for the new applicativns. 
Fundamental studies were made of the utilization 
of glyoxal for rendering proteins and carbohydrates 
insoluble, while a study of ‘builders’ and formulating 
techniques has promised to yield non-ionic detergents 
of high scouring-efficiency and adequate foaming- 
value. Other work has increased the knowledge of 
the effect of conditions of application on the per- 
formance of polyvinylbutyral ‘wash primer’ coatings, 
and improvements in the extrusion rheometer have 
increased its value in predicting the coating properties 
of dispersion formulations. Lubricants, anti-foaming 
agents, resins, moulding compounds and laminating 
materials developed from organo-silicon compounds 
in twelve years of work under the Fellowship on 
Technical Glassware are finding increasing applica- 
tion, while a Cork Fellowship has demonstrated the 
value of synthetic resins, with their superior abrasion 
and resistance to solvents, as binders for floorings. 
Under an Orthopedic Appliances Fellowship a special 
type of knee joint and lock has been developed and 
adapted for mass production from die stamping, and 
improvement has been made in the characteristics 
of the ‘Fibreglass’—‘Bakelite’ low-pressure resin- 
laminating system, which is being widely used in the 
brace and limb industry. 

The quantitative pharmacology of more than sixty 
chemicals has been outlined under the Fellowship 
on Chemical Hygiene, a detailed study made of ten 
established compounds, and correlations established 
between frequencies and depths and the retention of 
inhaled dusts. Field researches have included studies 
on the chemistry of the oxidation of sulphur dioxide 
and the development of instruments for measuring 
the intensity of atmospheric pollution at ground- 
level, as well as six medical surveys and various 
studies in industrial hygiene. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


ABO Blood Groups and Sex-Ratio at 
Birth in Man 


SEX-RATIO at birth in man and some other 
organisms has been a subject of investigation for 
several decades. No clear evidence has been avail- 
able indicating its association with any known 
hereditary trait. The purpose of this note is to point 
out such an association of sex-ratio with ABO blood 
groups in man. The data consist of ABO determina- 
tions of 1,330 mothers and cord blood of their 
newborn infants, delivered during the second 
half of 1944, at the Nowrosjee Wadia Maternity 
Hospital in Bombay. The original purpose of that 
investigation was to study the frequency of sub- 
groups of A in the sample of mothers! and the inci- 
dence of hemolytic anzwmias in their newborn 
infants**. Recently there was occasion to re-examine 
the data for ABO determinations and sex-ratio in 
infants. Results of this analysis are given in Table 1. 


























Table 1. ABO BLoop Groups OF INFANTS CLASSIFIED ACCORDING 
TO SEX AND BLOOD GROUPS OF THEIR MOTHERS (BOMBAY) 
Infant Mother | 
oa — 
Group, Sex 0 |; A B AB Total 
O | Male 158 | 46 53 men ere 
Female | 103 42 44 — 1s oor. | 
A Male 50 | 108 20 16 | 194 | 
Female 55 109 15 16 195 | 
B Male 45 | 23 | 124 25 217 
Female 33 | 24 | 91 18 166 
AB Male _— 19 25 14 58 
Female | — | 22 21 ll 54 
Total | Male 253 | 196 222 55 | 726 
Female | 191 197 | 171 45 | 604 | 








In this table, figures in the three classes, namely, 
O infants born to O mothers, A infants born to 
A mothers, and B infants born to B mothers, are 
large enough for further consideration. There is a 
significant difference (y? = 5-57, P < 0-02) in the 
sex-ratio (percentage of males) of O infants born to 
O mothers (60-5 + 3-0) and thesex-ratio of 4 infants 
born to A mothers (49-8 + 3-4). The sex-ratio of 
B infants born to B mothers (57-7 + 3-4) is similar 
to the sex-ratio of O infants born to O mothers. The 
overall sex-ratio is 54-6 + 1-4. 

It was thought necessary to check this finding with 
data from some independent source. At the Presby- 
terian Hospital, New York, ABO determinations 
have been made as a routine, mostly of Rh-negative 
mothers and their newborn infants, for the past few 
years. Analyses of the data collected since January 
1949 are given in Table 2. 

There is a similar difference (y* = 4-93, P < 0-05) 
in the New York data to that found in the Bombay 
data, in the sex-ratio of O infants born to O mothers 
(56-3 + 3-0) and the sex-ratio of A infants born to 
A mothers (45-7 + 3-7). The overall sex-ratio in 
New York data is 52-7 + 1-7. 

It would be difficult to speculate how general is 
the trend shown in Bombay and New York data. 
Such a difference could arise by differential mort- 
ality during the prenatal period, or differential gametic 
fertilization or both. Differential mortality, if it 
exists, would not be explained only in terms of the 
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Table 2. ABO BLOOD GrouUPS OF INFANTS CLASSIFIED ACCORDING 
To SEX AND BLOOD GROUPS OF THEIR MOTHERS (NEW YORK) 
































Infant | Mother 

Group| Sex 9) 4 | B | AB | Total 

O | Male 153 45 | 21 1* | 220 

Female | 119 54 21 ~ To 

A | Male 55 85 6 9 | 155 

Female 51 101 6 3° - "fo 68 

B | Male 21 7 29 7 | 64 

Female 23 | 4 15 4 | 46 

AB | Male | — | 9 4 evi. 

| Female - 2 4 zt 8 

| Total | Male 229 | 146 60 21 456 

Female | 193 161 46 9 409 
| 











Me Exception to Bernstein’s theory of ABO heredity. 


process of isoimmunization due to A and B antigens, 
as the notable differences in the sex-ratio are found 
in combinations where mother and her newborn 
infant belong to the same ABO blood group. A de- 
tailed account of this finding with some related 
evidence will be published elsewhere. 

I am grateful to Dr. V. R. Khanolkar for technical 
facilities at the Tata Memorial Hospital, Bombay. 
I am also grateful to Prof. Leslie C. Dunn, of Columbia 
University, and Dr. Richard L. Day, of the Presby- 
terian Hospital, New York, for consultation and 
encouragement. Information collected at the Presby- 
terian Hospital by Dr. John L. Scudder was kindly 
placed at my disposal by Dr. Day. 

L. D. Sancuvi 

Columbia University, 

New York City. 
Aug. 11. 
‘ Sanghvi, L. D., Proc. Ind. Acad. Sci., 22, 208 (1945). 
2 Khanolkar, V. R., and Sanghvi, L. D., Nature, 155, 427 (1945). 
® Sanghvi, L. D., and Khanolkar, V. R., Ind. J. Med. Sci., 1, 45 (1947). 


Discovery of the Expected Hzmagglutinin, 
Anti-Fy> 


THE hemagglutinin described in this note was 
found in the serum of Mrs. Hahn, of Berlin, following 
the birth of her third child. 

The mother gave no history of blood transfusion. 
Neither her two previous children, nor the third, 
showed any signs of hemolytic disease of the new- 
born, though the first died at the age of two months 
of a nutritional disorder. She was delivered of her 
third child, a female, at the Wenckebach Hospital, 
Berlin Tempelhof, by Dr. Haacke, and the abnormal 
antibody was discovered two days after delivery in 
the course of the routine examination of all post-natal 
maternal sera, carried out at the Robert Koch 
Institute. 

The antibody was found to have a titre of 16,000 
when tested against the red cells of both the husband 
and of the new-born child, suspended in gelatin solu- 
tion. Against a number of specimens of group O 
cells suspended in saline the titre was 16. The serum 
was next tested in Berlin against the blood of seven 
persons whose red cells had previously been tested 
for nearly all known antigens. The antigen defined 
by the new antibody was present in six of these 
bloods, and did not correspond to any for which they 
had previously been tested. The serum was further 
tested in London against a larger panel of red cells. 
It was observed that reactions were stronger in 
albumin than in saline, and stronger at 37° C. than 
at room temperature. Again, no correspondence was 
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observed with any known antigen ; but it was found 
that all the non-reactors were positive for the Duffy 
antigen (Fy*) of Cutbush, Mollison and Parkin’ and 
that all the Duffy negatives were positive for the new 
antigen. 

This suggested that Mrs. Hahn’s serum contained 
the expected but hitherto undiscovered antibody 
anti-Fy?, reacting with the antigen produced by the 
gene Fy, the allele of Fy*. The accompanying table 
shows the reactions of the red cells of Mrs. Hahn and 
her family with anti-Fy*, and, where possible, with 
her own serum. Owing to shortage of this serum no 
attempts were made to absorb out the contained 
anti-A and anti-B, and all tests, both of the family 
and of other specimens, were confined to blood of 
group O. The family results are clearly consistent 
with the hypothesis here put forward. 

During the whole course of the investigation <ifty- 
nine specimens of known reactions with anti-F'y* were 
tested with the new serum. Of these, twenty-eight 
were positive with both, eleven with anti-Fy* only, 
and twenty with the new serum only; none was 
negative with both. The probability of obtaining 
such a result by chance if the sera were unrelated is 
1 in 167. 

One hundred unselected blood specimens were 
tested in Berlin with the new serum, of which seventy- 
nine were found to react, this corresponding well with 
the theoretical proportion of 83-17 per cent of Fy’ 
reactors in the English population, based on the 
calculations of Race and Sanger’. 

While this work was in progress, Drs. R. R. Race 
and Ruth Sanger had been carrying out titrations of 
large numbers of blood specimens with an anti-Fy 
serum. They had assigned scores to the titrations in 
the manner described by Callender and Race’, and 
had found that these scores fell clearly into two 
classes, with very few intermediates, the lower scores 
corresponding to heterozygotes Fy*Fy° in all cases 
where the genotype could be deduced from family 
studies. They very kindly allowed us to make use of 
these results. 

Twenty specimens showing low Fy* scores and 
therefore presumed to be heterozygous were tested 
with the new antibody and all were found to be 
positive. Seven showing high scores were all negative 
with the new antibody. The probability of obtaining 
such a result by chance with two unrelated sera is 
about 1 in 900,000. Moreover, three of the twenty 
presumably heterozygous specimens could be shown, 
from genetical studies with anti-Fy* alone, to be 
actually heterozygous. These tests were confined to 
bloods which gave clear-cut results in the Fy? titra- 
tions ; but we afterwards tested with the new serum 
two specimens which gave intermediate scores with 
anti-F'y*. One was, in fact, found to be positive and 
one negative with the new serum, the posiizve one, 
contrary to expectation, giving the slighiiy higher 
score with anti-Fy*. 

Sixteen tests with the new antibody were carried 
out by a titration technique. Of the eleven specimens 


giving positive results, two showed markedly hizher 
titres than the rest. These two were the only F'y*-noga- 
tives in the series. 

These observations appear to furnish conclusive 
proof that the new antibody is anti-Fy®. The possible 
existence of a rare third allele of Fy* and Fy’, giving 
rise to reactions with neither antibody (or with both), 
is not, however, ruled out. 

A further specimen of serum was obtained from 
the donor ten weeks after delivery, but was found to 
contain very little antibody. Further investigations 
must therefore await the development of a more 
powerful antibody, either in this or some other human 
subject, or possibly in an animal. 

If good supplies of both antisera, anti-Fy4 
and anti-Fy, should become available, the gene 
frequencies are such that the system would be a most 
useful one for purposes such as personal identification 
and the exclusion of disputed paternity. 

We should like to thank Drs. R. R. Race and Ruth 
Sanger for allowing us to quote their unpublished 
observations, and Dr. D. Lehane, who supplied the 
anti-F'y* serum used in the investigation. 


ELIzABETH W. IKIN 
A. E. Mourant 
Medical Research Council, 
Blood Group Reference Laboratory, 
Lister Institute, 
London, 8.W.1. 


H. J. PETTENKOFER 
G. BLUMENTHAL 
Abt. ITI, Serologie u. Diagnostik, 
Robert Koch Institut, 
Berlin, N.65. 
Nov. 9. 
Catan et See ——™ P. L., and Parkin, Dorothy M., 
? oS 4 R., vom Sanger, Ruth, “Blood Grougs in Man’”’, 206 (Oxford, 


Nature. 


a Sheila T., and Race, R. R., Amn. Eugen., Lond., 13, 102 
1946). 


Complete Sporogonic Development of 
Plasmodium berghei in Experimentally 
Infected Anopheles spp. 


Since the discovery of Plasmodium berghei by 
Vincke and Lips’, repeated attempts have been made 
to infect various anopheline and culicine mosquito 
species with this plasmodium in the laboratory. 
Oocysts and sporozoites have been observed in 
naturally infected Anopheles dureni* ; but apart from 
the finding on two occasions of small numbers of 
young oocysts in experimentally infected A. maculi- 
pennis var. atroparvus*, no sporogonic development 
of P. berghei under experimental conditions has 
hitherto been described. 

In this preliminary communication we are able to 
report successful laboratory infections of A. stephensi 
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with P. berghei, and the complete sporogonic develop- 
ment of the parasite from young oocysts in the mid- 
gut to mature sporozoites in the salivary glands. 

The strain of P. berghei used in the present experi- 
ments was a recently isolated strain producing large 
numbers of mature gametocytes in infected mice and 
rats. This strain (S.P. 28S. Keiberg) was derived 
from sporozoites of a wild-caught A. dureni inoculated 
into white rats. The strain was received through the 
courtesy of Prof. J. Rodhain on January 11, 1951, 
and has been maintained in the laboratory by blood 
inoculation. Previous attempts to infect A. stephensi 
with this strain met with only slight success. Although 
exflagellation was found to occur regularly, only 
small oocysts were observed, occurring singly or in 
small numbers, in eight A. stephensi from a total of 
93 dissected. 

In the present experiment a group of 120 A. 
stephenst were fed on a rat infected with P. berghet. 
29 mosquitoes dissected at intervals up to fourteen 
days later showed no evidence of oocyst or sporozoite 
development. 76 A. stephensi surviving from this 
group were allowed to feed on a golden hamster 
(Mesocricetus auratus) infected seven days previously 
by blood inoculation, and 15 were maintained as 
controls on raisins only. All the mosquitoes were 
kept at a temperature of 26-27°C. and at high 
humidity in the insectary. Dissections of stomachs 
and salivary glands were made from the fifth day 
onwards. 

All stages in oocyst development have been seen 
in the dissected A. stephensi. Mature oocysts contain- 
ing sporozoites were observed at the end of the 
seventh day and after. Sporozoites in the salivary 
glands were found by the twelfth day. The fully 
developed sporozoites measured 11-5-13 p in length. 
The number of sporozoites in the salivary glands was 
found to be surprisingly small, and the percentage of 
infected glands was low (3 out of 23, or 19 per cent 
of mosquitoes dissected from the tenth day after 
feeding) compared with the oocyst infection-rate. 
Of 71 A. stephensi dissected 52 were found to be 
infected, giving an infection-rate (oocysts and/or 
sporozoites) of 73 per cent. None of the controls 
showed evidence of infection. 

The results obtained show that 
A, stephensit under laboratory con- 
ditions will produce mature oocysts 
containing sporozoites in a very 
high percentage of mosquitoes fed 
on infected hamsters, and that 
under the experimental conditions 
described only a small number of 
the sporozoites reached the salivary 
glands. The very high infection- 
rate produced in A. stephensi fed 
on ® hamster infected with P. 
berghei demonstrates the usefulness 
of M. auratus* as a mammalian 
host in the laboratory study of P. 
berghet infections. 

This work has been carried 
out in the Department of Para- 
sitology, London School of Hygiene 
and Tropical Medicine, in col- 
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laboration with the Ross Institute. 
We wish to thank Prof. H. E. 
Shortt and Dr. P. C. C. Garnham 
for their advice and encourage- 
ment. 

Nov. 9. 


(a) Section of A. 


(b) Part of same 
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A similar technique was used for investigations on 
A. maculipennis and A. quadrimaculatus. 

Thirty-five laboratory-bred A. maculipennis 
var. atroparvus and ten A. quadrimaculatus were 
allowed to feed on hamsters infected with the 
S.P. 28 Keiberg strain of P. berghet and showing 
mature gametocytes in the peripheral blood. The 
mosquitoes were kept in the insectary at 26—27° C. 
and at a high humidity. Dissections started from 
the third day onwards, and revealed moderate 
and high oocyst infections (see photomicrographs) 
in both these species. Oocysts on the fourth day 
averaged 7, on the fifth day lly, on the sixth 
16-18, and on the seventh day 18-2ly. Ripe 
oocysts were detected from the eighth day onwards 
and averaged 30-34y. The first detection of 
sporozoites in the salivary glands occurred on the 
ninth day after feeding. Of 29 A. maculipennis 
dissected, 18 were infected (62 per cent); of 10 A. 
quadrimaculatus dissected, 7 were positive (70 per 
cent). 

The development of the oocysts under the experi- 
mental conditions described was rapid; on the 
fourth day some oocysts showed advanced nuclear 
division. 

Black spores and chitinization of sporozoites in 
the ripe oocysts and in the salivary. glands occurred 
in a number of infected mosquitoes from the tenth 
day onwards. 

Successful laboratory infection with P. berghei 
(S.P. 28 Keiberg strain) has now been established in 
three different species of mosquitoes: an Indian 
oriental species (A. stephensi), a European palearctic 
species (A. maculipennis var. atroparvus), and a north 
American species (A. guadrimaculatus). 

Transmission of P. berghei by inoculation of 
sporozoites from ruptured oocysts (of A. stephenst) 
into a young hamster has been carried out. Parasites 
were first found in the blood on the tenth day after 
inoculation. 

This work has been carried out in the Department 
of Parasitology, London School of Hygiene and 
Tropical Medicine, in collaboration with the Ross 
Institute. We have pleasure in acknowledging the 





adrimaculatus mid-gut showing about 50 oocysts (seven days after 
feeding). Stained Ehrlich’s hematoxylin. x 100 











1080 


assistance given by the technical staff of the Ross 
Institute. 
M. YOELI 
Department of Parasitology, 
Hebrew University, Jerusalem. 
W. J. WALL 
Ross Institute of Tropical Hygiene, 
London. 
Nov. 16. 


' Vincke, I. H., and Lips, M., Ann. Soc. belge Med. trop., 28, 97 (1948). 
s = I. H., and Lips, M., Ann. Soc. belge Med. trop., 30, No. 6 
1950). 


* Rodhain, J., and Vincke, I. H., Ann. Soc. belge Med. trop., 31, 297 
(1951). 
* Adler, 8., Yoeli, M., and Zuckerman, A., Nature, 166, 571 (1950). 


A Metabolite of ‘Paludrine’ with High 
Antimalarial Activity 


Since the discovery of ‘Paludrine’ (proguanil, 
N?-p-chlorophenyl-N5-isopropyldiguanide) by Curd, 
Davey and Rose’, considerable evidence has accumu- 
lated that this drug probably differs in its mode of 
action from most other antimalarials. Direct evidence 
that proguanil is transformed in the animal body 
into another, more active, compound was previded 
by Hawking? and Hawking and Perry*, who showed 
that proguanil has no action on in vitro cultures of 
the exo-erythrocytic forms of Plasmodium gallin- 
aceum or on the blood forms of P. cynomolgi, whereas, 
under similar conditions, serum from animals dosed 
with the drug has high antimalarial activity. 

Experiments have therefore been in progress for 
some years with the object of isolating and identify- 
ing this hypothetical metabolite of proguanil, and 
these have now been successful. From the urine of 
rabbits receiving daily doses of proguanil (50 mgm./ 
kgm.), there has been obtained a basic substance, 
isolated first as the picrate, crystallizing from ethanol 
in canary-yellow needles of melting point 206°, and 
then as the free base, which crystallized from a mix- 
ture of moist chloroform and ether in colourless prisms 
of melting point 146°. The same product has also 
been isolated from the feces of rabbits, and from the 
urine of human volunteers receiving proguanil. 
Experiments have shown that the metabolite is 
about ten times as active as the parent drug against 
infections of P. gallinacewm in chicks. 

Analysis of the picrate and of the free base showed 
the empirical formula of the metabolite to be 
C,,H,N,Cl, the molecule having two atoms of 
hydrogen fewer than that of proguanil. When the 
base is heated, either alone or in alkaline aqueous 
solution, it is readily converted into an inactive 
isomeric substance which is identical with a com- 
pound prepared by Birtwell, Curd, Hendry and Rose‘ 
from N'-p-chlorophenyldiguanide and acetone in the 
presence of piperidine, to which the structure 
4-amino-2-p-chloroanilino-1 : 6-dihydro-6 : 6-dimethyl- 
1:3: 5-triazine (I) had been assigned. The two 
isomers are readily distinguished by their chemical 
and physical properties, and especially by their 
ultra-violet absorption spectra. The chemical evidence 
indicates that the active metabolite is 2 : 4-diamino- 
1-p-chlorophenyl-1 : 6-dihydro-6 : 6-dimethyl-1 : 3 : 5- 
triazine (II), and this structure has been confirmed 
by an X-ray crystallographic analysis by Miss M. 
Bailey and Dr. A. F. Wells. 

Crounse® has described the isolation of two sub- 
stances as metabolites of proguanil, namely, the in- 
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active triazine (I) and N?-p-chlorophenyldiguanide, 
In view of the easy conversion of (II) into (I), and 
its ready hydrolysis to N!-p-chlorophenyldiguanide 
by dilute acid, it seems likely that neither of these 
substances was a primary product of metabolism, 
but that both were derived from (II). We ourselves 
have no definite evidence of the direct production 
of either of them from proguanil in the animal body, 
The condensation of N'-p-chlorophenyldiguanide 
with acetone by Birtwell et al. had been carried out 
under conditions in which the active metabolite is 
not stable, but by modifying these conditions an easy 
synthesis of the desired substance has been achieved’, 
The synthetic method has been applied to a wide 
range of diguanides and aldehydes and ketones. The 
antimalarial activity of the dihydrotriazines thus 
formed is in the main parallel to that of the corre. 
sponding diguanides, but at a much higher level, 
In particular, 2 : 4-diamino-1-(3 : 4-dichloropheny])- 
1 : 6-dihydro-6 : 6-dimethyl-1 : 3: 5-triazine —_ shows 
outstanding activity, with an effective dose of about 
one-hundredth that of proguanil against P. gallin- 
aceum in chicks. 
Details of this work will be reported elsewhere. 
H. C. Carrineton 
A. F. CROWTHER 
D. G. Davey 
A. A. LEvI 
F. L. Rose 
Research and Biological Laboratories, 
Imperial Chemical Industries, Ltd., 
Hexagon House, 
Manchester 9. 
Oct. 30. 
1Curd, Davey and Rose, Ann, Trop. Med. Parasitol., 39, 208 (1945). 
® Hawking, Nature, 159, 409 (1947). 
* Hawking and Perry, Brit. J. Pharmacol., 3, 320 (1948). 
* Birtwell, Curd, Hendry and Rose, J. Chem. Soc., 1650 (1948). 
5 Crounse, J. Org. Chem., 16, 492 (1951). 
* Patent protection pending. 


Occurrence of Thin Membranes in the 
Surface Layers of Human Skin and in 
Finger Nails 


As reported earlier!, wool fibres are enveloped by 
a thin membrane, the epicuticle. This structure is 
also found not only on human, horse and other 
animal hairs, but also on feathers’. Since structures 
of this type seem to be rather common, a few more 
animal structures have been investigated. 

Thin pieces of skin loosened from sun-burnt human 
back were treated with 1 per cent sodium sulphide 
at 50° C. for six days followed by treatment at room 
temperature for fourteen days. This treatment is 
similar to the method used for isolating epicuticle 
from wool*. The residue was washed with water 
and examined in the electron microscope after 
shadowing with palladium at an angle of 4:1. 
Pieces of the type shown in Fig. 1 were found. 
The thickness of the pieces are of the order of mag- 
nitude 100 A., which is the same as for the mem. 
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Fig. 1. 
Fig. 2. 


' branes earlier mentioned, and the diameter of the 

pieces is approximately 20-30. In contrast to the 
' membranes from hairs and feathers, the membranes 
- from the skin are wrinkled to a much higher degree. 





The wrinkles are here running in all directions, 
whereas the membranes from wool and other hairs 
are mostly folded in one direction. This difference 
might be due to different geometrical arrangements. 
The membranes previously observed envelop cylin- 
drical structures, whereas the membranes originating 
from the skin might envelop ellipsoidal structures, 
such as cells. 

Thickened skin from the palm of the hand was cut 
off and treated in the same way. Membranes of the 
same type were obtained (Fig. 2). Finger-nail parings 
were also treated in the same way, with similar 
results (Fig. 3) ; this structure is also of the epicuticle 
type, but is more contaminated by extraneous 
material. This might be expected because of the 
degree of hardening of this material. Similar struc- 
tures to those obtained from human skin have been 
observed in specimens from horse’s skin from which 
the hairs had been removed using Ellis’s method‘. 

As hyaluronidase has been widely used as a ‘spread- 
ing factor’, it may be of some interest to mention 
that epicuticle from wool, examined in the electron 
microscope after treatment with hyaluronidase at 
40° C. at different pH’s for two days, showed some 
evidence of being attacked. Damage to the epicuticle 
of wool will usually give an increased rate of acid 
sorption by wool fibres®. If, however, wool was 
treated with hyaluronidase at 40° C. at about pH 7 
for one day, no increase in the rate of acid sorption 
could be observed. 

We wish to thank Prof. Nils Gralén for stimulating 
discussions. One of us (G.L.) is indebted to the 
International Wool Secretariat for a research fellow- 
ship enabling him to carry out studies on the epi- 
cuticle. 

Gésta LAGERMALM 
Bo Puxiip 
JoEL LINDBERG 


Swedish Institute for Textile Research, 
Gothenburg. 
July 9. 


‘Lindberg, J., Philip, B., and Gralén, N » Nature, 162, 458 (1948). 

* Philip, B., Lagermalm, G., and Gralén, N N., Nature, 166, 1070 (1950) ; 
Biochim. et Biophys. Acta, 6, 497 tive }. 

* Lagermalm, G., and Philip, B., Textile Research J., 20, 668 (1950). 


‘Ellis, W. J., Nature, 162, 957 (1948). 
‘Lindberg, J., Teztile Research J., 20, 381 (1950). 
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Membrane from thickened skin from the palm of the hand. Palladium a aascie, 4tol 
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A Resistant Membrane in Wool 


In a recent communication, Mercer! disputes our 
isolation’? of a resistant membrane situated below the 
scales and surrounding the cortex of the wool fibre 
on the basis of experiments with membranes pre- 
pared by an entirely different method. He contends 
that the membrane consists of a thin film originating 
from the outside of the scales, and called the epicuticle, 
to which adhere, as contaminants, cuticular remnants. 

The following points show this view to be un- 
sound. (a) The tubes have considerable strength 
and can be manipulated to show osmotic phenomena*. 
The epicuticle, approximately 100 A. thick, could 
not provide the necessary strength, since it can 
represent at most 2 per cent by weight of the mem- 
branes as isolated by our method. (6) The same 
membrane can be obtained from wool the epicuticle 
of which had been completely removed‘. (c) There 
is no evidence that the epicuticle forms a coherent 
film over the whole of the fibre, and detailed work by 
Miiller® indicates that it never extends over more 
than one scale. (d) The membrane has a chemical 
composition distinctly different from that of the 
fibre as a whole®; it represents a definite fraction 
of the fibre (8-10 per cent), and since the same 
quantity is always obtained whatever the variation 
in the extraction technique, it is unlikely to consist 
almost wholly of adventitious impurities. (e) Micro- 
scopic observation during the isolation indicates that 
the membrane is below the scales and surrounds the 
cortical cells ; Zahn and Haselmann’ have confirmed 
this unambiguously by sectioning hair with a razor 
and extracting mechanically a chemically resistant 
membrane from the surface of the cortex. 

The confusion concerning the membrane in wool 
arises from the fact that in 1944 Lehmann* claimed 
to have isolated a membrane very much thinner than 
that found by us, which was shown in Prof. Gralén’s 
laboratory to consist of epicuticle and scales only. 
Gralén et al.® have made a careful electron microscopic 
examination of membranes prepared by us and con- 
clude: “The main part of it is probably the outer, 
resistant part of the cortex . . . nothing indicates 
that this membrane should be identical with the 
subcutis of Reumuth, Lehmann, and Eléd and Zahn 
which originates from the outside of the fibre ... 
the membrane isolated by them [Alexander and 
Earland] is a new discovery not identical with 
Lehmann’s__ subcutis”’. Mercer’s experimental 
evidence, which was obtained with membranes 
isolated by a procedure completely different from 
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ours, is therefore irrelevant and does not invalidate 
our results. He does not appear to have examined 
a membrane of the type studied by us. 

Bamford et al.!° have already dealt with the next 
criticism made by Mercer, namely, that the membrane 
could not be present in the 8-configuration in the 
original fibre since no §-reflexions are visible in its 
X-ray photo. We pointed out in the original publica- 
tion* that an unoriented 8-phase would probably not 
be detected among crystalline «-keratin by X-rays ; a 
conclusion that has since been confirmed in another 
system by Bamford e¢ al.™. 

Finally, Mercer contends that we ascribed the 
insolubility of the membrane to the fact that it is in 
the §-form. We have not made such a claim; on 
the contrary, we stated quite clearly* that the 
8-configuration was not sufficient to account for the 
insolubility of the membrane and suggested the 
presence of non-disulphide cross-links. There can 
be little doubt that the same protein is less soluble 
when in the 8- than when in the a-configuration, and 
we demonstrated this by converting the soluble 
a-keratose into the 8-form. Ambrose et al.'* found 
afterwards that silk behaved in a like manner. 

Earlier this year, Peacock et al.4* examined mem- 
branes prepared by them according to our methods 
and claimed that these were in the «-configuration 
and suggested that our membranes had been con- 
verted to the 8-configuration by heat denaturation. 
Our preparations, however, were never heated above 
room temperature, and on repeating our experiments 
we have again found the membranes to be in the 
8-form. The soluble «-keratose dissolves slowly 
because of its high molecular weight, and it seems 
possible that the preparation of Peacock e¢ al.!* was 
contaminated with this «-material. This would also 
explain why their tubes changed from «- to $-con- 
figuration on heating, since we have found" that the 
soluble a-keratose readily undergoes this transforma- 
tion. To ensure that the membrane is free from 
«-keratose, it must be shown to weigh no more than 
approximately 10 per cent of the original fibre. 

In conclusion, it may be said that no unambiguous 
proof exists that the membrane is present in the 
fibre in the 8-form and that it is not changed from 
« to 8 during isolation. Since in the extraction process 
the majority of the wool retains the «-configuration, 
there seems to be no reason why the configuration 
of the membrane alone should be altered. It seems 
definite, however, that there is present in wool fibres 
(and possibly in all keratin fibres) a fraction con- 
tributing approximately 10 per cent by weight, 
which resists dissolution after breakdown of the 
disulphide bonds, even in such powerful protein 
solvents as cupriethylene-diamine and concentraied 
lithium bromide. This material must therefore be 
considered as a separate component of the wool fibre. 

P. ALEXANDER 
Imperial College of Science and Technology, 
London, S.W.7. 


1Mercer, Nature, 168, 824 (1951). 

s ‘Alexander, Farland and Happey, Nature, 166, 396 (1950). 

* Alexander and pans. Text. Res. J., 20, 298 (1950). 

-» 49, 550 (1951). Alexander, J. Soc. Dy. Col., 


5 Miller, Z. Zellforsch. u. microscop. Anat., A 29, 1 (1939). 
* Alexander, Amer. Chem. Soc., 120th meeting, 10 D (1951). 
7 Zahn and aie. Melliaud Teatilber., 31, 225 (1950). 
* Lehmann, Kolloid Z., 108, 6 (1944). 
* Gralén, Lagermalm m Philip, Tezt. Res. J., e a (1951). 
1 Bamford, Elliott and Hanby, Nature, 168, 824 51). 
11 Bamford, Hanby and Happey, Nature, 166, 329 Sit ). 
12 Ambrose, Bamford, Elliott and Hanby, Nature, 167, 264 (1951). 
18 Peacock, Sikorski and Woods, Na/ure, 167, 408 1951). 
Kolloid Z., 122, 8 


= Alexander, Proc, Roy. Soc. Med., 44, 389 41951) ; 
1951 
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Submicroscopic Structure of Fibres and 
their Formation 


VOL. 168 


From electron microscope investigations it is 
known that the cellulose in the walls of all plant cells 
so far studied consists of discrete submicroscopic 
fibrils’-*. This is also true for the cellulose of bacteria’ 
and tunicates* (electron microscope studies by B. 
Raénby on tunicate cellulose are also proceeding at 
this Institute). 

According to some authors'*, the fine {ibrils 
of plant and bacterial cellulose have diameters which 
lie between 250 and 400 A. Others have reported a 
value of the order of magnitude 100 A. for the fibrils 
of plant cellulose*’*, A constant diameter of about 
200 A. was measured for the fibrils of tunicate 
cellulose’. The length of the cellulose fibrils is inde. 
finite. 

It was interesting to find that even dissolved and 
reprecipitated cellulose, in the case of viscose rayon, 
is built up from submicroscopic fibrils which are 
about 100 A. wide*®. At the time of this observation, 
it was inappropriate to discuss the problem as to 
whether or not these fibrils may have their origin 
in crystalline residues of native cellulose which have 
been preserved during preparation of the specimens. 

In order to approach this question and to gain a 
more general knowledge of the nature and formation 
of fibres, the morphological and structural investiga. 
tions have been extended. To this end, chitin, which 
possesses a micellar framework like cellulose, has 
been investigated at the same time as synthetic poly. 
amide fibres and polyethylene plastics. These studies 
were carried out by means of electron microscopy, 
electron and X-ray diffraction. 

In crustacean tissues of varying physiological 
functions, fibrils of a thickness of about 100 A. were 
again found to be a structural element*®. The different 
structural patterns of specific types of tissues depend 
on differences in the organization of these fibrils. 

Also in fibres of polyamides (for example, the 
polymer of ¢-amino-caproic acid), a system of sub- 
microscopic fibrils was found to form a structural 
unit'®, As is known, such a fibre is formed when the 
fibrous molecules are crystallized from a melt with 
artificial orientation. Even in a polyethylene plastic 
bundles of fibrils were observed'*®. The fibrils of these 
two synthetic products are morphologically identical 
with those of cellulose and chitin. All samples 
investigated were dispersed by means of ultrasonic 
waves before electron microscopy. Wood, chitinous 
tissues and viscose rayon fibres were studied also in 
thin, unfragmented microtome sections. Both 
methods gave pictures showing the same kind of 
fibrillar units. Thicker products, obtained after 
ultrasonic treatment, could always be split up further 
and shown to consist of elementary fibrils. There was 
nothing to indicate a splitting of the elementary 
fibril itself. 

Hence the submicroscopic fibril is not specific for 
cellulose, but is obviously a quite general morpho- 
logical element which may be formed when linear 
macromolecules order themselves in a lattice (macro- 
molecular lattice, according to Staudinger and 
Signer"). Indeed, it might be expected that mole- 
cules which are chemically different but of similar 
structure, and therefore crystallizing in the same 
type of lattice, would form colloidal aggregates of 
the same shape and size. 

According to modern views, the formation of 4 
micellar structure!? is due to the fact that long- 
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' chain molecules have an exactly parallel orientation 
' over a given region. The linear macromolecules may 


then pass through several such ordered regions. If 
it is supposed that a fibril is built according to 
modern micellar theory, the areas of lattice order 


' will occur with colloidal dimensions also in the 
direction of the fibril, and not only perpendicular 
to it. 


As a modification of Frey-Wyssling’s'* theory of 
the micellar framework structure of cellulose, the 


' idea will be stressed here that the dimensions of the 


crystallized areas perpendicular to the main valence 


' chains correspond quite generally to the thickness of 
' the submicroscopic fibrils (of the order of magnitude 
' 100 A.), which was observed by means of electron 


microscopy. This has earlier been suggested for 
cellulose*** and was clearly confirmed, in a rather 
unexpected way, by investigations on chitin®. The 
studies on chitin made it possible to exclude objections 
which might otherwise have been valid. 

For the formation of a system of elementary 
fibrils with the character of a fibre, an external 

orienting force is necessary. 

From the investigations on viscose rayons* and 
polyamide fibres’, it may be concluded that there is 
already a pervading system of the fine fibrils before 
the orientation is high enough to give an ideal fibre 


| diagram. An orientation of a higher degree may then 


be due to the elementary fibrils orientating them- 
selves parallel to one another. In the case of 
the viscose rayon, the crystallinity does not increase 
thereby. 

An orientation mechanism is necessary also for 
the formation of the cellulose fibres of plants. As is 
known, the fibre character of plant material is due 
to the structure of the secondary walls of the cells. 
The fibrils of these walls are formed at the surface 
of the plasma. In this case, the orienting effects come 
from the streaming of the plasma. ‘The discrete 
fibrils appear, therefore, in lamellar layers, the fibrils 
of which are orientated in a parallel manner in the 
direction of the plasma stream. 

Hence, from the results reported here, it seems 
that the observed structure of viscose rayon® is not 
necessarily due to crystalline residues from the native 
cellulose. 

I wish to express my thanks to Profs. T. Svedberg, 
A. Tiselius and 8S. Claesson for their great interest 
in this work. 


EpGar RIBi 


Institutes of Physical Chemistry 
and Biochemistry, 
Uppsala. 

Sept. 13. 


Preston, E. Dus Nicolai, 
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Stimulation by Insulin of in vitro Fat 
Synthesis by Mammary Tissue studied with 
Carbon-!4 and Tritium 


RESPIRATORY observations have been interpreted? 
as indicating that lactating mammary gland slices 
are able to utilize acetate for net fatty-acid synthesis 
in vitro, either as sole substrate (ruminants : sheep, 
goat, cow) or in the presence of glucose (non-rumin- 
ants: rat, rabbit). Tissue respiration measurements 
have, moreover, led to the further conclusion?-* that 
insulin, added in vitro, causes a marked stimulation 
of fat synthesis by lactating mammary gland slices 
from rat, rabbit and mouse. 

This striking in vitro action of insulin has now been 
investigated by the isotope incorporation technique. 
In experiments on mammary tissue from lactating 
rats killed at the 14th—15th days of lactation, approx- 
imately 2-gm. batches of slices were incubated for 
3 hr. at 37° with 0-02 M sodium acetate (containing 
10 wC., or in later experiments 1 wC., CH;'*COONa) 
and 0-3 per cent glucose, dissolved in 20 ml. Krebs-— 
bicarbonate-saline (containing 200 uC. TOH), in i 
equilibrium with 95 per cent oxygen and 5 per cent 
carbon dioxide. The total fatty acids were isolated 
from the tissue and their calcium salts treated by 
combustion in oxygen. The carbon dioxide and water 
thus produced were stripped from the gas stream by 
means of liquid-air cooled traps. The carbon dioxide 
was separated from the water by sublimation in 
vacuo at — 78° and counted in an internal gas 
counter; the water was converted to butane for 
determination of tritium as described by Glascock®. 
Each experiment included a control incubation in 
which the tissue was killed at the outset by addition 
of acid, and in all cases the incorporation of carbon-14 
and tritium into the fatty acids was very small com- 
pared with the value after a 3-hr. incubation. 

It will be seen from the results of eight experiments 
reported in the accompanying table that insulin 
(1 1.U./ml.) increased the carbon-14 content of the 
fatty acids 1-4-4-5 times and the tritium content 
1-3—5-0 times. The increases in the carbon-14 con- 
tent of the fatty acids due to insulin were in many 
cases greater than those reported by Brady and 
Gurin’ for liver slices incubated in acetate. 

The carbon-14 determinations confirm previous 
conclusions drawn from respiratory results on the 
marked ability of lactating mammary tissue to in- 
corporate acetate carbon into fatty acids in vitro and 
the stimulation of this process by insulin. 








a l 
T in fatty acids 
Exp. MC in mg | “- (c.p.m./mgm. 
No, (c.p.m./mgm. C) o combustion water) 
Insulin Insulin 

— - * 
1 74 136 435 1,630 
2 71 97 330 417 
3 38 84 131 346 
4 27 96 162 326 
5 35 82 158 367 
6* 5-9 8-1 134 380 
7 23 12°5 46 223 
8* 5°5 12-0 117 306 

















*1 14C. sodium acetate in 20 ml. medium in these experiments; 
10 uC, in all others. 

The results on the incorporation of tritium into 
fatty acids more generally illustrate the ability of 
mammary tissue to synthesize fatty acids from small 
molecules, and in agreement with the carbon-14 
observations further confirm the insulin effect. The 
results point to the usefulness of tritium as a label 
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for body water, since it can be measured at much 
lower concentrations than deuterium. 
JupitH H. BALMAIN 
S. J. FoLtney 
R. F. Guascock 
National Institute for Research in Dairying, 
Shinfield, Nr. Reading. June 12. 
1 Folley, S. J., and French, T. H., Biochem. J., 46, 465 (1950). 
bd ee. J. H., French, T. H., and Folley, S. J., Nature, 165, 807 


* Balmain, J. H., and Folley, 8. J., Biochem. J., 48, 1 (1951). 

* Balmain, J. H., and Folley, S. J., Biochem. J., 49, 663 (1951). 
® Glascock, R. F., Nature (168, 121 (1951)!. 

* Brady, R. O., and Gurin, S., J. Biol. Chem., 186, 461 (1951). 


Influence of Adrenotropic Hormone 
Fractions on ‘Adrenal Repair’ and on 
Adrenal Ascorbic Acid 


WE have studied? the activity of pituitary extracts 
in the Sayers test*, which depends on ability to induce 
a rapid fall in the ascorbic acid content of the adrenal 
glands of hypophysectomized rats, and in an adrenal 
‘repair’ test based on the increase in the adrenal 
weight of the rat hypophysectomized one to three 
weeks previously and given three intraperitoneal 
injections daily of pituitary extract for three days, 
the animal being killed on the fourth day. Since an 
adrenal weight-increasing effect (A W effect) does not 
necessarily measure only changes in the weight of 
active cortical tissue, such an effect is necessarily less 
precisely defined than an ascorbic acid reducing effect 
(AA effect). In our investigation of these two 
activities of different pituitary extracts, we have 
adopted as our standard for the ratio AW/AA the 
pig pituitary preparation 84-85 U, kindly supplied 
by Armour Laboratories, Ltd.; this preparation is 
about 2-5 times as active in the ascorbic acid reduction 
test as the Armour standard preparation Lla-1-A, 
the provisional International Standard. We have 
followed three main lines of investigation, which it 
will be convenient to consider separately. 

Activity of crude pituitary extract. For crude 
extracts of sheep, pig or beef pituitary glands, pre- 
pared by acid-acetone extraction, AW/AA does not 
differ significantly from that of our standard, that 
is, unity. Nevertheless, crude alkaline extracts of 
ox anterior pituitary tissue rich in growth hormone 
but with very slight 4A activity yield AW/AA ratios 
up to 5,000/1. Growth hormone* was found also to 
show significant AW activity in a total dose of 20 
mgm., though its ascorbic acid reducing activity was 
so small that 20 mgm. of the hormone was equivalent 
to only 2-2 ugm. of 84-85 U in this respect. The ratio 
of activities of the growth hormone was about 800/1. 

When a total of 20 mgm. of growth hormone was 
given under the conditions of the adrenal weight 
increase test, histological examination revealed the 
presence of lipid in the site of the former sudanophobe 
zone* with many mitotic figures in the cortex. With 
a preparation highly active for the reduction of 
ascorbic acid (84-85 H) in a dose (0-5 mgm.) con- 
siderably greater in AA activity but much less in 4A W 
activity than 20 mgm. of growth hormone, there was 
also a return of lipid to the sudanophobe zone, but 
mitotic activity was much less than with growth 

hormone treatment. A dose of 84-85 H (2-5 ugm.), 
approximately equivalent in AA activity to 20 mgm. 
of growth hormone, produced no repair of the 
sudanophobe zone or significant change in the weight 
of the adrenal glands. In view of the large doses of 
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growth hormone needed in these tests, and the prob. 
ability that the growth hormone preparations used 
may be contaminated with traces of other hormones, 
it is not necessary to assume that the growth hormone 
itself is the active factor. 

The crude alkaline extracts of ox pituitary tissue 
we have used contain only about 0-01 per cent of the 
total AA activity calculated to be present in the 
original pituitary tissue, while the AW activity of 
these extracts is 2-20 per cent of that extractable 
by other means, for example, by acid-acetone ex. 
traction. The possibility arises that the AA activity 
is almost completely destroyed in the process of 
extraction (by pituitary enzymes ?) but that the 4W 
factor is more stable under these conditions. 

Activities of purified ascorbic acid reducing fractions, 
Two pig pituitary preparations were supplied by 
Armour Laboratories, Ltd., preparation 84-854 
being derived from 84-85 U by a process which 
involves partial hydrolysis by heating in acid solu- 
tion. If the AW/AA ratio for 84-85 U is taken as 
unity, the ratio for 84-85 H is found to be about 1/8, 
This suggests that the AW activity of 84-85 U is 
more labile towards acid hydrolysis than is the 44 
activity, a fact which is in accordance with some 
recent results of Reinhardt and of Li. Nevertheless, 
there may be some substance in 84-85 U which has 
a potentiating effect on AW activity and which is 
more labile towards acid hydrolysis than is the AA 
activity. We consider, however, that this is unlikely. 
The preparations which are more highly purified 
with respect to AA activity might be more quickly 
absorbed and excreted and thus be less effective in a 
long-term test, such as that for increase of weight 
of adrenals, than in the ascorbic acid reduction test, 
which lasts only one hour. Accordingly, we have 
carried out adrenal weight tests with preparations 
mixed with substances designed to slow absorption 
from the peritoneal cavity. When a solution of freeze- 
dried plasma was added just before injection to give 
a final concentration of 3 per cent, there was little 
or no potentiation of the activities of 84-85 H and 
84-85 U in such a test. When, however, tannic acid 
was added just before injection to give maximum 
precipitation, or alumina paste was added, potentia- 
tion of the A W activity of both 84-85 H and 84-85 U 
was observed, the AW/AA ratio of both being in- 
creased about five-fold. Since the difference between 
the two preparations remains, it seems unlikely that 
the original difference in AW/AA ratio between 
84-85 H and 84-85 U can result only from a difference 
in the rate of absorption of the two preparations from 
the tissues of the rat. 

Fractionation of unhydrolysed adrenotropic hormow 
preparaivons on an ton exchange resin®. In the accom- 
panying diagram is given a typical result for the 
fractionation on ‘Amberlite /RC-50’ (Rohm and Haas 
Co.) of a crude adrenotropic hormone preparation 
obtained by the method of Astwood and his collab- 
orators’ from pig’s pituitaries. In order so far as 
possible to equalize the rates of absorption from the 
intraperitoneal tissues in the adrenal-weight test, 
samples for that assay were mixed just before in- 
jection with 0-025 per cent (final concentration) of 
serum albumin or casein and then tannic acid sufficient 
to give a maximum precipitation (0-0125 per cent). All 
the fractions active in the ascorbic acid reduction 
test also possessed AW activity (see diagram), but 
the faster-running fractions produced very large 
adrenal glands indeed in the AW test, although they 
showed only slight AA activity. These results strongly 
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Chromatogram of ‘crude corticotropin’ (ref. 7) on ‘Amberlite 
IRC-50’ (200-400 mesh) in 0-2 M sodium phosphate buffer 
pH 6-69 containing 0-2 per cent pheno] and 0-5 per cent thio- 
diglycol. 475 mgm. of crude corticotropin was extracted with 
9-5 ml. of the buffer and 8 ml. of the solution put on a 2 cm. 
29cm. column. Weight of untreated adrenals, 9-0 mgm. 


suggest that AW and AJ activities can be separated 
by a process which does not involve hydrolysis. 

We do not know if all the effects described above 
can legitimately be attributed to the presence of only 
two factors in the pituitary gland. It seems necessary, 
however, to assume the existence of at least two 
factors which may be described under the term 
adrenotropic hormone. 

We are grateful to the Nuffield Foundation for 
generous support of this work and to Armour Lab- 
oratories, Ltd., for the gift of adrenotropic hormone 
preparations 84-85H and 84-85U. One of us 
(H. B. F.D.) wishes to express his thanks to the 
Medical Research Council of Ireland for a student- 
ship held while much of this research was carried out. 

H. B. F. Drxon* 
M. P. StacKk-DUNNE 
F. G. YOUNG 
Department of Biochemistry, 
University of Cambridge. 
D. B. CATER 
Department of Pathology, 
University of Cambridge. Nov. 6. 
* Benn W. Levy Student. 
'Stack-Dunne, M., and Young, F. G., J. Endocrinol., 7, xvi (1951). 
a Sayers, G., and Woodbury, L. A., Endocrin., 42, 379 
* We are grateful to Dr. E. Reid, Department of Biochemistry, Univer- 
sity of Cambridge, for the supply of growth hormone, prepared 
by the method of Wilhelmi, A. E., Fishman, J. B., and Russell, 
J. A., J. Biol. Chem., 17%, 735 (1948). 
‘Reiss, M., Balint, J., Oestreichen, F., and Aronson, V., Endokrino- 
logie, 18, 1 (1936). 
———_ W. O., and Li, C. H., Proc. Soc. Exp. Biol. N.Y., 77, 229 
‘Dixon, H. B. F., Moore, Stanford, Stack-Dunne, M. P., and Young, 
F. G., Nature [168, 1044 (1951)]. 
"Payne, R. W., Raben, M. S., and Astwood, E. B., J. Biol. Chem., 
187, 719 (1951). 
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Polyhedral Diffusion Flames 


BurRNER flames of unusual structure may be 
obtained when certain hydrocarbon gases and 
vapours are burnt in admixture with air or oxygen. 
Thus, as first noted by Smithells and Ingie', and 
later by Smith and Pickering*, the inner cones of 
the flames may assume the form of a polyhedron, 
the number of sides of which is dependent upon 
prevailing conditions, and which may or may not 
rotate about a central, vertical axis. More recently, 
Mann‘ and Behrens‘ have reported the occurrence of 
polyhedral flames using weak mixtures of hydrogen 
and air. 

During the course of an investigation into the 
processes responsible for the formation of polyhedral 
flames, we have observed that the phenomenon is 
not confined solely to aerated flames, but may occur 
also with flames of the diffusion type provided that 
an inert gas be mixed with the inflammable gas prior 
to combustion. 

The accompanying 
photograph is of a diffusion 
flame produced when a 
mixture of hydrogen and 
carbon dioxide, containing 
19-35 per cent of the 
former, is burnt at atmo- 
spheric pressure upon @ 
cylindrical tube of 1-1 cm. 
internal diameter. The 
flame, which will be seen 
to be composed of five 
bright segments separated 
by dark lines, could be 
made to rotate or to 
remain stationary by ad- 
justing the rate of flow of 
the mixed gas. 

Similar polyhedral diffusion flames have been 
obtained when nitrogen instead of carbon dioxide 
was used as the diluent gas. 

An account of our investigation is to be published 
shortly. 

J. E. GaRsIDE 
B. JACKSON 


Gas Research Laboratory, 
Department of Coal Gas and 
Fuel Industries with Metallurgy, 
University, Leeds 2. 

July 12. 


and Ingle, H., Trans. Chem. Soc., 61, 204 (1892). 
and Pickering, 8. F., J. Res. Nat. Bur. Stand., 3, 65 


1 Smithells, A., 
? Smith, F. A., 
(1929). 

3 Mann, J., thesis, University of Leeds (1944). 

‘ Behrens, H., Naturwiss., 32, 297 (1944). 


The Lotmar-Picken X-Ray Diagram of 
Dried Muscle 


THE publication by Lotmar and Picken! of an 
X-ray photograph of a certain dried muscle prepara- 
tion produced considerable interest and controversy, 
since, in addition to indicating an unusual degree of 
crystallinity, the diagram showed no sign of the 
5-15 A. meridional are which hitherto had been 
regarded almost as a diagnostic feature of the X-ray 
photographs of «-fibrous proteins. While we do not 
wish to enter the controversy as to whether or not 
Lotmar and Picken’s photograph is indeed that of 
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myosin, or any other protein, we should in passing 
like to point out the striking resemblance between 
their photograph and that of an oriented film of 
poly-y-methyl-L-glutamate, published by Bamford, 
Hanby and Happey*®. Recently, Pauling and Corey® 
have claimed that Lotmar and Picken’s results sup- 
port their suggestion that the polypeptide chains in 
fibrous proteins have their «a-helical configuration, 
particularly in that the fibre axis translation of 
5-65 A. calculated by Lotmar and Picken is in good 
agreement with the distance in the axial direction 
between adjacent turns of the a-helix. It is therefore 
perhaps worth while pointing out that the fibre repeat 
deduced by Lotmar and Picken is not consistent 
with certain features of their fibre diagram, and that 
the true value (or a submultiple) should be about 
5-3 A. 

Lotmar and Picken remark that the absence of 
diatropic reflexions makes the estimation of the fibre 
repeat somewhat uncertain. However, consideration 
of the semi-angle y subtended at the centre of the 
diagram by the strong reflexions on the first layer 
line shows immediately that the repeat r cannot be 
as large as 5-65A. Thus, for the reflexions (J,) 
corresponding to d = 4-80 A., x = 22° 40’; whereas 
the calculated value assuming r = 5-65 A. is 30° 34’. 
This discrepancy is well outside the probable error 
of measurement and indicates that r is actually less 
than 5-65 A. The same conclusion follows from the 
positions of the other reflexions on the first layer line. 
It may readily be shown that the value ——_ 22° 40’ 
corresponds to a fibre repeat of about 5-26 A. The 
x-values for the other reflexions on the layer line also 
correspond to this repeat. 

This value is consistent with the main d-distances 
listed by Lotmar and Picken, and also with those 
given earlier by Herzog and Jancke‘, as shown in 
the accompanying table. The calculated values are 
those for a monoclinic cell with a = 12-0A., 6 = 
5-3 A. (fibre axis), c = 9-8 A., 8 = 76°. While the 
agreement between calculated and observed values 
is only fair, it is probably as good as Lotmar and 
Picken’s, and within the limits of accuracy of the 
measurements. This unit cell is therefore preferable 
to that of the earlier authors, since it is consistent 
with the observed y-values. The calculated density, 
assuming two residues per unit cell, has the satis- 
factory value 1-26 gm./c.c. 


OBSERVED AND CALCULATED d-VALUES 





Herzog and Lotmar and 





Jancke Picken Calculated 
Equator 10-00 9-24 9-50 (001) 
6-40 6-56 6-62 (101) 
{ 5-79 5-94 5-85 (200) 
| 4-71 4°75 (002) 
3-92 3-96 + > (102) 
is 4 (301) 
3°78 {3°50 (300) 
3°49 3°45 (302) | 
2-94 2-92 (400) | 
| | 2-74 2-62 (103) 
Meridian 5-33 | 5°30 (010) | 
1st layer line 4-89 4-80 4°80 (110) 
66 4-64 (011) 
| 4-26 4-14 (111) 
3-96 3-92 (210) 
| | 3-62 3-54 (012) 
{ | 3°44 3°30 (212) 
3-10 | 3-17(310) | 
2-72 2-72 (013) 
| 2°51 2-56 (410) 





If these results can be applied to the fibrous pro- 
teins, it is clear that, in order to be satisfactory in 
this respect, the «-helix will require compression to 
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reduce its pitch from about 5-65 A. to rather less 
than 5-3A. This might introduce difficulties, for 
example, by producing improbably short hydrogen 
bonds. Further, the axial translation per amino. 
acid residue would thereby be reduced to 1- 43 x. 
which is appreciably smaller than the spacing (1-5) A, ) 
observed by MacArthur’ and by Perutz*, and con. 
sidered by the latter to refer to this axial translation, 

Note added in proof. Since this communication was 
written, Bear and Cannan’ have published an \. -ray 
diagram of dried muscle generally similar to that of 
Lotmar and Picken, but which shows distinct dia- 
tropic reflexions. These authors calculate a fibre 
repeat of 5-3A., in excellent agreement with our 
value obtained from the original Lotmar and Picken 
diagram. 


VOL. 168 


C. H. Bamrorp 
W. E. Hans, 
Research Laboratory, 
Courtaulds, Ltd., 
Maidenhead, Berks. 
Oct. 3. 
’ Lotmar and Picken, Helv. Chim. Acta, 25, 538 (1942). 
*? Bamford, Hanby and Happey, Proc. Roy. Soc., A, 205, 30 
* Pauling and Corey, Proc. U.S. Nat. Acad. Sci., 37, 261 (1951 
. — Jancke, “Festschrift der Kaiser Wilhelm Gesells haft” 


1951), 


* MacArthur, Nature, 152, 38 (1943). 
* Perutz, Nature, 167, 1053 (1951). 
7 Bear and Cannan, Nature, 168, 684 (1951). 


Blue Sun and Moon 

Paul and Jones’, discussing the blue sun caused 
by selective absorption of a cloud of uniform spheres 
of radius r in light of wave-length 2, have considered 
the curve relating K (the ratio of effective to geo- 
metrical cross-section of a particle) and a, where 
a = 2nr/d. They suggest a simple physical explana- 
tion of the maxima and minima of this curve on the 
basis of resonances. The maxima and minima in the 
case of small dielectric spheres can also be explained 
from the principles of physical optics ; this point of 
view was used by Van de Hulst? in considering some 
aspects of the subject that could not so readily be 
treated by electromagnetic theory. 

Interference cecurs between the portions of a wave- 
front passing through a particle and through the 
adjacent continuous medium. The opacity of a 
particle has maximum and minimum values when 
these two are in opposite and like phase respectively. 
That is, approximately, when n is an odd or even 
integer in the relationship 2r(p — 1) = n2/2, where 
uw is the refractive index of the particle relative to 
the surrounding medium, when 


2rr nr 
hn acme 


a (uw — 1). (1) 


Furthermore, if the cross-section of an incident 
beam is S and the much smaller cross-section of a 
particle in the beam is s, and if the incident amplitude 
is B per unit area, then for maximum opacity, that 
is, opposite phases, the intensity transmitted in the 
forward direction is [B(S — s) — Bs]*, and the rela- 
tive transmission is ‘ = B*(S—2s)?/B%S* ~ (1—4s/S) ; 
the 4 in this expression is the value for K, which 
agrees with that given for the first maximum in 
Fig. 1 of Paul and Jones’s communication. 

Obviously, the different paths through the sphere 
give different retardations, and more exact calcula- 
tions? have been made by dividing the wave-front 
through the sphere into annular zones and calculating 
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the phase and amplitude in the forward direction, 
ying Kirchhoff’s diffraction formula, for each zone. 
Some of the results are shown in the accompanying 
table. The value of K calculated for the first maxi- 
mum is 3-66 compared with 3-8 from electromagnetic 
theory’. Considering that elementary diffraction 
theory is not expected to be very exact for particles 
‘only 34/2 in diameter, the agreement is fairly satis- 
: factory. 


Values of 27r/A corresponding to Successive Maximum and Minimum 
Values of K, for Water Drops 


No. 4286 









Max. Min. Max. Min. Max. 
' calculated from equation 1 4°7 9-4 14:1 188 23-5 
’ Calculated by Lothian and 
Chappel® 5-0 10-0 14°7 20 25 
© Calculated from electromagnetic 
theory* 6-2 11-6 16 21 


The name for the coefficient K is not yet generally 
agreed. Different authors'- have used the terms 
‘extinction’, ‘scattering area coefficient’ and ‘total 
scattering coefficient’. It is suggested that the first 
term should be avoided because it is generally used— 
in Great Britain at least—to denote the quantity 
log,9(1/t). I myself prefer the term ‘total scattering 
coefficient’. 


G. F. LorHian 
University College, 
Exeter. 

paul, W., and Jones, R. V., Nature, 168, 554 (1951). 
*Van de Hulst, H. C., Recherches Astr. de lU’Observ. d@Utrecht, 11, 

Pt. 1 (1946). 
‘Lothian, G. F., and Chappel, F. P., J. App. Chem. (in the press). 
‘Houghton, H. G., and Chalker, W. R., J. Opt. Soc. Amer., 39, 955 

(1949). 





*Lowan, A. N., Nat. Bur. Stand., App. Maths. Ser., No. 4 (1949). 


Calculation of y? for a 2 x 2 Table 


SEVERAL algebraically equivalent methods are in 
use for calculating y? for a 2 x 2 contingency table ; 
but there is one attractive algorithm that does not 
seem to have been described. Write the table and 
its marginal totals in the usual rotation : 





a  #b a+b 
c d c+d 
a+e b+d N 
where N =a+6+c+d. Let A be the difference 


between the two observed ratios when the table is 
read across, so that 


A =a/(a+ 6) — c/f(e+ ad). 










Similarly, let D be the difference when the table is 
read downwards, so that 


D = aj(a+ c) b/(b + d). 
Then it can be shown that 
x? = ADN. 


_ The computer may write in the four ratios instead of, 


or in addition to, the marginal totals. This method 
is easily memorized, leads to a simple computation, 
and has the advantage of bringing prominently to 
notice the actual ratios being compared. To apply 
the Yates correction, add or subtract 0-5 in the usual 
way before calculating A and D. : 
B. Woo.r 
Usher Institute of Public Health, 
Warrender Park Road, 
Edinburgh 9. 
July 18. 
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Enhancement of the Normal Reversion- 
rate of a Serineless Escherichia coli 
Mutant by Certain Organic Acids 


SoME mutant genes involving loss of function are 
known to be capable of reversion at the specific locus ; 
this fact implies that in mutant organisms particular 
genes are not necessarily destroyed, but may be 
merely altered, or ‘inactivated’ with respect to the 
specific reaction they once controlled. ‘lhe gene is. 
so to speak, in an inactive allelic state—but one 
which can revert or back-mutate to the active allelic 
state of the wild-type parent. Can environmental 
conditions other than general mutagenic agents 
enhance the reactivation of a mutated gene to its 
original allelic state? It is conceivable that the 
presence of certain common metabolites, the con- 
figuration of which is related to the damaged 
enzyme — gene system, might, by some as yet un- 
known mechanism, have such an influence. In 
various connexions, ‘substrate-induced mutations’ 
have been previously discussed!~*. 

It has been found that the normal back-mutation 
rate of a mutant of £. coli (P.A.1.5), requiring either 
serine or glycine, is strikingly enhanced in the presence 
of certain organic acids not serving as substitutes for 
COOH 
| 
aa 
namely, 3-phosphoglyceric, glyceric, lactic, tartaric 
and malic acids. Malate is apparently the least 
active. Natural D(-+) tartaric acid is active; the 
L(—) form is inactive. The reversions in the presence 
of these acids give rise to cell types both partially 
and fully independent of serine or glycine. In control 
experiments with other acids (or none) the great 
majority of reversions are to full independence, or 
wild type ; intermediate types are rare. 

The fluctuation test of Luria and Delbriick‘ for 
determining mutation-rates was used. Forty 2-5-3-0 
ml. cultures were shaken at 37° C. in 20-ml. Freuden- 
reich flasks for 39 hr. Control cultures, as well as 
cultures containing glycerate, lactate, etc., contained 
a glycerol-minimal medium, pH 6-2, supplemented 
with an amount of glycine in slight excess of that 
necessary for maximum growth of the (inoculated) 
dependent mutant. This mutant grows in such @ 
medium with about the same generation time 
(1-5-2-0 hr. at 27° C.) as does the reverted, fully or 
partially independent cell type. Plating 1-ml. samples 
from the individual cultures (20 experimental and 
20 control) to minimal agar revealed the numbers of 
independent cells which had arisen and multiplied 
during incubation. 

The results of a typical experiment are given in the 
accompanying table; essentially the same results 
are obtained if (1) each culture is centrifuged, the 
cells washed, and plated to purified agar; (2) the 
same amount of tartrate which is transferred to the 
plates from the primary experimental cultures is also 
added to the control plates. Therefore, selective 
survival of mutants on the plates due to the transfer 
of tartrate, glycerate, or some unknown substance 
does not occur. Microscopic examination at various 
times of regions with no reversions on the control 
and experimental plates reveals no differences with 
respect to cell density or distribution. Reverted 


serine, but sharing the configuration 


types are referred to as fast, intermediate, or slow 
to 


synthesizers, depending upon their ability 
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REVERSIONS IN THE PRESENCE OF GLYCERIC AND SUCCINIC ACIDS 











| 
|; lye. Colony countst Suce. Colony countst 
| plate* a ee plate* oA+ SB) VS 
1 6 36 = «60 1 3 
} 2 3 33 39 2 6 
3 ray 9 3 PY oe 
4 3 6 -| 4 | 3 
5 a - oe ee 5 3 
| 6 3 105 ; 620 No reversions 
7 | 24 33-30 
| 38 | 6 
| 9 | 6 
10 | 6 12 
11 3 42 81 
| 12 6 105 750 
| 13 6 
er 12 150 300 
| 15 3 12 
| 16 9 
| 7 15 48 
18 15 9 | 
19-20 No reversions | 


* The plates were selectively numbered after reverted colonies began 
to appear. 

t Corrected for sampling. 

‘F’ indicates a fast synthesizer (wild type), ‘I’ an intermediate, 
*S’ a slow, and ‘VS* a very slow synthesizer. The plates were observed 
and colonies counted after 48, 56 and 72 hr. of incubation at 35° C. 
Generally speaking, fast synthesizers were observed after 48 hr., and 
intermediate or slow after 56 or 72 hr. 


synthesize serine and glycine, and hence upon their 
rate of growth on the minimal agar plates. The 
glycerate concentration was 0-2 .M, and the succinate 
0-1 M. 

The mean number of back mutants per culture is 
101; the variance is about 42,000. 

After incubation of the liquid cultures, the pH of 
the glycerate series had dropped to 5-6, and the 
succinate series to pH 6-1; other experiments 
demonstrate that pH differences between the two 
series of this order of magnitude do not affect the 
results. Both types of cultures had reached 1-5 x 10° 
cells/ml. Summarizing the results of this and three 
similar experiments reveals that, in the controls, 
14 out of 8v cultures contained one to six independent 
bacteria ; in the glycerate series, 55 out of 80 cultures 
contained 1 to 10* (full and partial) reverted cells. 
The concentrations of glycerate were between 0-15 
and 0:2 M ; the enhancement of reversions is greater 
with increasing amounts of this acid. Despite the 
extremely high concentrations, it seems unlikely that 
a general mutagen present as an impurity is the 
effective agent, since (1) the calcium glycerate, 
barium phosphoglycerate, and tartaric acid used 
were in a highly purified crystalline form; (2) the 
sources of the effective acids are very different : 
glycerate and lactate were synthesized chemically, 
phosphoglycerate and tartaric were isolated from 
natural sources ; (3) the D-, but not the L-, form of 
tartaric acid is active. Such high concentrations may 
be necessary at the pH used in order to have enough 
undissociated acid present. Studies of the dependence 
of rate of reversion on the pH of the cultures are in 
progress. Related acids in control cultures were used 
in the highest non-toxic concentration possible ; 
those found to be without influence on the rate of 
reversion are: citrate, succinate, adipate, acetate, 
formate, oxalate and malonate. 

It is conceivable that as many phenotypically 
expressed mutants arose in the control as in the 
experimental series, but that their multiplication 
was for some reason selectively inhibited in the 
former cultures. To test this possibility, it is best 
to plate out all of each control culture to see how 
many flasks contain any mutants. Such experiments 
were done, plating both to minimal agar and to 
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minimal agar supplemented with tartaric acid. ‘The 
number of cultures with mutants was no greater than 
would be expected on the basis of results obtaineq 
from sampling some two hundred control cultures. 
Sampling cultures in the presence of the highest 
possible concentrations of DL-glycerate and p(+). 
tartrate (0-2 M and 0-03 M respectively) showed that 
at least 57 out of 60 cultures contained reversions, 
as contrasted with 14 out of 30 completely plated. 
out cultures in the control series. The difference jg 
highly significant (P < 0-01 by the x? test). 

There are two alternatives to the conclusion that 
the phenomenon described is a specific, environment. 
ally induced mutation. 


VOL. 168 


(a2) It is possible that glyceric acid, lactic acid, 
etc., are non-specific mutagens, under the condi. 
tions of testing described above. Using a sensitive 
technique® for testing the mutagenic effect of 
substances on a  micro-conidiating strain of 
Neurospora crassa, it was found* that glyceric acid 
is not a strong or moderately strong general muta- 
genic agent. Glyceric and tartaric acids were also 
tested for their influence on the rate of reversion 
of a tryptophaneless and a histidineless Z. coli 
mutant, and found to be without effect. Nevertheless, 
however extensive, such experiments cannot make 
it possible to claim that. these acids could never 
induce mutations in a less specific way. 


(6) It is conceivable that, by some unknown 
mechanism, the effective acids allow the phenotypic 
expression of the mutations, which actually occur 
as frequently in the absence as in the presence of 
these acids’. Such a situation would have many 
aspects (for example, specificity) in common with a 
directed mutation; it would be difficult, if not 
impossible, to distinguish experimentally between the 
two alternatives. 


In the presence of glycerate, the relative numbers 
of fast, intermediate and slow back mutants on 
individual plates suggest that the faster types arise 
from the slower ones. The ‘intermediate’ or partially 
reverted cell types which so frequently arise in the 
presence of the effective acids retain their character- 
istic generation times (as originally seen during their 
initial growth in liquid minimal medium) for many 
weeks and often months when cultured on complete 
media®. Their peculiar characteristics will be de- 
scribed in a later publication, to appear in Comptes 
Rendus des Travaux du Laboratoire Carlsberg, Série 
Physiologique. 

This work was supported by a predoctoral fellow- 
ship of the National Institutes of Health while at 
the Hopkins Marine Station, Stanford University, 
California, and by a postdoctoral fellowship of the 
National Research Council while at the University 
of Copenhagen and Carlsberg Laboratorium, Copen- 
hagen. 

BarRBARA E. WRIGHT 


Carlsberg Laboratorium, 
Copenhagen. 
Oct. 11. 
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Formation of New Cell Walls in Cell 
Division 


No. 4286 


Ix 1882 Giltay' suggested that the new cell wall 
was not @ partition separating the daughter proto- 
plasts, but that the latter each secreted a continuous 
wall around itself ; the two daughter cells remaining 
for a time within the stretched wall of the parent 
cell. 

This suggestion was neglected until 1938, when 
Priestley and Scott* published evidence of the 
phenomenon in the parenchyma, collenchyma and 
This evidence was 
based on @ maceration technique which dissolved 
the middle lamella, leaving only cellulose walls. 
Observations on such macerated material showed 
files of daughter cells surrounded by the stretched 
wall of the original parent cell. 

I have applied this maceration technique to a num- 
ber of flowering plants and found the phenomenon 
common to both stem and root tissues. This 
treatment has produced the same results in the 
rhizomes of Aspidium and Equisetum, the stem of 
Sphagnum, the thallus of JLunularia and the 
cortical cells, of Fucus (see Figs. a-g). Another 
example of this type of cell-wall formation in the 
alge is reported for Dictyospheria favulosa by 
K. Wilson', 

Priestley and Scott hesitated to attribute this mode 
of wall formation to meristematic cells of the shoot 
apex, in view of the lack of information on the 
nature of these cell walls and their behaviour under 
maceration. It is, however, interesting to note that 
in the transverse section of the shoot apex of Lupinus 
albus, Ball‘ depicts groups of cells surrounded by a 
common wall, 

More data 


are required before generalizations 


may be made, but the above evidence derived from 
Pteridophyta 
this 


representatives of the Bryophyta, 


and Spermatophyta suggests that of 


mode 





<, 


Camera lucida drawings (#” objective ; reduced to $) of macerated material of 

J (ec) rhizome of Aspidium, (d) rhizome of 

Equisetum, (e) stem of Sphagnum, (f) thallus of Lunularia, (g) cortical cells 

of Fucus, showing groups of cells enclosed or eo enclosed in the original 
Is are showing plasmolysis 


(a) Lupinus albus stem, (+) and 


parent cell wall. In most cases the ce 
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cell wall formation may be universal in the higher 
plants. 
EVELINE ELLIOT 
Department of Botany, 
King’s College, 
Newcastle upon Tyne 1. 
Aug. 30. 

' Giltay, E., Archives Neerlandaises, 17, 432 (1882). 
8 art J. H., and Scott, L. 1., Proc. Leeds Lit. Phil. Soc., 3, 532 
* Wilson, K., Ann. Bot., N.S., 15, 279 (1951). 
* Ball, E., Amer. J. Bot., 36, 440 (1949). 


The ‘Golgi Substance’ 


In Nature of August 11', Dr. A. J. Dalton described 
the appearance under the electron-microscope of the 
‘Golgi substance’ in cells of the mammalian intestinal 
epithelium and liver. During a period of many years 
I have devoted a great deal of attention to the part 
of the intestinal epithelial cell studied by Dr. Dalton 
and have reported my results in full’. 

To find out what lies in this part of the cell, it is 
necessary to make one’s examination before the cell 
has undergone any visible changes resulting from its 
death. The intestinal epithelial cell of the mouse 
can easily be examined in what is usually called a 
‘supra-vital’ state ; that is, the living tissue can be 
removed from the body and at once examined in a 
suitable saline solution. The cells undergo no visible 
change for a considerable time. Under phase- 
contrast the so-called Golgi region (close to the 
nucleus and on the side of it directed towards the 
free border) can be seen to contain a number of 
separate spherical or sub-spherical bodies, some of 
them containing one or more vacuoles. These bodies 
[ call lipochondria. I reject the name ‘Golgi appara- 
tus’, because that, by Golgi’s definition, is a network. 

Lipochondria are easily stained supra-vitally with 
neutral red or dahlia. If one wishes to 
have a permanent preparation, one should 
use the sudan black method?, though 
even this may somewhat distort them. 
The non-vacuolate bodies are lipoid all 
through ; the vacuoles, when they occur, 
do not contain lipoid. 

I have demonstrated these lipochondria 
of the living cell to others repeatedly (for 
example, in my classes in the University, 
at the meeting of the Association of 
British Zoologists in London in January 
1950, and to Prof. Jean Brachet during 
his visit to Oxford in the same month), 
and am prepared to do so again. 

The classical ‘Golgi apparatus’ consists 
of particles of osmium hydroxide or of 
silver deposited in or on various objects 
in various cells : in this particular cell on 
the lipochondria. Silver has a strong 
tendency to produce an artificial appear- 
ance. It is as though one were to try to 
find the shape of a group of transparent 
spheres by throwing particles of mud at 
them and recording accurately the shape 
assumed by the mud. Naturally enough, 
it often assumes the shape of a net. 
One could alter the appearance at will 
by throwing more or less mud, and the 
same applies in making silver prepara- 
tions of the cell. 
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Osmium has less tendency to produce an artificial 
effect, and if it is used sparingly it can give a life-like 
appearance to lipochondria’. If the latter are crowded 
together and too much osmium is used, it artificially 
joins them. Dr. Dalton’s Fig. 2B shows them quite 
well; but the osmium has been deposited in such a 
way as to join nearly all the lipochondria into 
groups. 

When an object is sufficiently large to be seen with 
the light-microscope, there is no purpose in trying 
to determine its form by use of the electron-micro- 
scope. On the contrary, it is necessarily more dis- 
torted than it would have been if it had passed 
through the ordinary routine of microtomy, because 
it must be perfectly dry. The electron-microscope 
has value only in throwing light on sub-microscopic 
structure : 

Joun R. BAKER 

Department of Zoology, 

University Museum, 
Oxford. 
Oct. 4. 


* Dalton, A. J., Nature, 168, 244 (1951). 
* Baker, J. R., Quart. J. Micr. Sci., 85, 1 (1944); 90, 293 (1949). 
* Thomas, O. L., Quart. J. Mier. Sci., 89, 333 (1948). 


An Alkaloid of Dioscorea hispida, Dennst 


Tre alkaloid dioscorine, C,,;H,,0,N, was first 
isolated in 1894 by Boorsma! from Dioscorea hirsuta, 
BL, and obtained in a crystalline condition by 
Schutte”. On the basis of degradation experiments, 
Gorter* in 1911 suggested that the alkaloid belonged 
to the tropane group, and proposed the following 
structure : 

CH,.CH——--CH, 
| | 
| l 
NCH, CH—O, 
| 10 
CH,.CH——-CH—C * 


l 
CH,.C.CH, 


In 1937, Leyva and Gutierrez‘ isolated from the 
tubers of Dioscorea hispida, Dennst, a base which 
gave the same colour reactions and possessed the 
same toxicological properties towards mice and 
monkeys as dioscorine. Although the base could not 
be crystallized, and no derivatives were described, 
these authors considered their product to be identical 
with dioscorine. 

In this Laboratory, the isolation of the alkaloidal 
material from D. hispida has been repeated by a 
modified procedure. From 3-5 kgm. of the tubers, 
2-0 gm. of an oily base was obtained. The base, which 
was purified through its hydrochloride, distilled 
in vacuo without decomposition, and gave the same 
colour reactions as dioscorine. It crystallized on 
keeping, and formed beautifully crystalline deriva- 
tives, all of which gave analytical figures in support 
of the formula C,;H,,O,N for the alkaloid. The 
accompanying table shows how the properties of the 
alkaloid and its derivatives compare with the pro- 
perties of dioscorine as described in the literature. 

It seems that, in spite of discrepancies, the base 
may be identical with dioscorine; but this question 
must be regarded as sub judice. An investigation of 
the molecular structure of the substance is in progress. 
The ultra-violet and infra-red absorption spectra 
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| Alkaleid from D. iispida | 





| Dioscorine 
(m.p.) (m.p., uncorrected) 
| Free base | 43+5° (ref. 2) 54-55° 
Hydrochloride — 204° (ref. 2) 210-211° (deconip.) 
Methiodide 213° (ref. 3) 203° (decomp. 
Picrate 183-184° (ref. 2) 187° (decomp. 








show that an «8-unsaturated lactone system is present, 
On oxidation with acid permanganate the base yields 
only formaldehyde, and the absence of acetaldehyde 
and acetone as products of this reaction would 
appear to exclude an ethylidene and an tsopropy lidene 
group respectively. It may be concluded that either 
Gorter’s formula for dioscorine must be revised, or 
that the base from D. hispida is not dioscorine. 

I am grateful to Sir Robert Robinson for his 
interest in this investigation. 

A. R. PINDER 
Dyson Perrins Laboratory, 
University, Oxford. 
July 12. 


1 Boorsma, Meded. uits Lands Plant, 18 (1894). 


* Schutte, Nederl. Tijdschr. Pharm., 9, 131 (1897); Chem. Zent., (ii), 


130 (1897). 

* Gorter, Ann. Jard. Bot. Buit., Series 2, Supp. 3, 385; 
chim. Pays-Bas, 30, 161 (1911). 

* Leyva and Gutierrez, J. Philippine Is. Med. Assoc., 17, 349 


Artefacts in the Chromatography of 
Mixtures of Amino-acids containing 
Cysteine 


In the course of an investigation of the amino-acid 
metabolism of Staphylococcus aureus’, using paper 
partition chromatography, I used the bromine water 
oxidation method, devised by Consden and Gordon’, 
to avoid trouble during the separation of mixtures 
containing cysteine. The following procedure was 
used: to a neutralized solution of cysteine and 
glutamic acid (10 mgm. per ml. of each acid) enough 
bromine water is added to oxidize all the cysteine to 
cysteic acid (about 0-1 ml. of bromine water saturated 
at 20°C. per mgm. of cysteine hydrochloride) ; the 
solution is then evaporated to dryness in vacuo at 


room temperature to remove the slight excess of | 


bromine and the hydrobromic acid formed during 
the reaction. The residue is dissolved in a small 
amount of distilled water and dried three times, 
then made up to the original volume and neutralized. 
Chromatographic separation on paper (Whatman 
No. 1 or No. 3), with butanol/acetic acid/water as 
solvent*, shows, as illustrated on the diagram, four 
unexpected spots giving slowly a reddish-purple 
colour with ninhydrin. The two top ones («,, very 
weak, and a, stronger) give, after elution and acid 
hydrolysis (in 6N hydrochloric acid, 3 hr. at 105° C.), 
strong cysteic acid spots on a new chromatogram. 
The two others (8, strong, and y, weak) run between 
the two initial amino-acids and are hydrolysed into 
cysteic and glutamic acids ; they move also as single 
spots in a propanol/water mixture‘ (80: 20, v: v). 
These spots are not due to incomplete oxidation, 
since excess of bromine water does not prevent their 
appearance; working at 0°C. does not affect the 
result. 

New spots are also obtained when other amino- 
acids (glycine, alanine, valine, serine, arginine) and 
also triethylamine are used instead of glutamic acid ; 
they move in butanol/acetic acid/water between 
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cysteic acid and the other 


« © | compound. If thiomalie acid 
is present instead of cysteine 
os O | as —SH group carrier, new 
8 materials are also formed. They 
bey @® g give but a weak brownish 
\ colour with ninhydrin, as might 
“ad 

3 have been expected, and glut- 
B i) 2 amic acid is liberated on 

2 hydrolysis. 
y O 7 Hydrogen peroxide, replac- 
3 ing bromine as oxidizing agent, 
s produces identical but weaker 
A spots; autoxidation of the 


solution gives only trails due 
to incomplete reaction. 

Nothing is known about the 
chemical link between the 
reacting groups; one of these must be the sulphur 
atom, since unexpected spots do not appear after 
bromine treatment in the absence of sulphydry] 
groups in the amino-acid solution, but «, and a, 
are always present when cysteine alone is oxidized. 
The other linking group might be the amino group, 
but no proof can be given as yet ; the facts support- 
ing this hypothesis are the slowness of the appear- 
ance of the ninhydrin spots and their weakness when 
compared with those of the amino-acids obtained 
after hydrolysis of an equivalent amount of product ; 
this suggests the unmasking of amino groups. On 
the other hand, deamination of the compound giving 
the §-spot (see diagram) according to Consden, 
Gordon and Martin® leads to the complete dis- 
appearance of both amino-acids after hydrolysis ; 
this might be due to the liberation of the presumedly 
protected amino groups in the strong acid solution 
(6N hydrochloric acid) in which the reaction takes 
place. 


Glutamic 
acid 


M. B. Van HALTEREN 
Medical Research Council 
Unit for Chemical Microbiology, 
School of Biochemistry, 
University, Cambridge. 
Laboratoire de Morphologie Animale, 
Université Libre de Bruxelles. 
July 5. 
‘Gale, E. F., and Van Halteren, M. B. (in the press). 
*Consden, R., and Gordon, A. H., Biochem. J., 4€, 8 (1950). 


* Woiwod, A. J., J. Gen. Microbiol., 3, 312 (1949). 
‘Hanes, C. S., Hird, F. R. J., and Isherwood, F. A., Nature, 166, 288 
(1950). 


‘Consden, R., Gordon, A. H., and Martin, A. J. P., Biochem. J., 41, 
590 (1947). 


Detection of Deoxyribonucleosides on Paper 
Chromatograms 


THE paper chromatography of deoxyribonucleo- 
sides has been described by several workers'-*, The 
compounds can be located on the chromatogram by 
examination under ultra-violet light’*’, by a micro- 
biological method***5 or by means of the Feulgen 
or Dische reactions‘. A colour reaction between 
deoxyribonucleic acid and cysteine in sulphuric acid 
has been reported by Dische**®. This has now been 
applied to the detection of deoxyribonucleosides on 
paper chromatograms. While all the deoxyribosides, 
as well as deoxyribose itself, give the reaction, neither 
ribose nor the ribonucleosides can be detected by 
this method. 
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The reagent consists of a solution of cysteine 
hydrochloride (0-5 gm.) in 3.N sulphuric acid (100 
c.c.). The air-dried chromatogram is sprayed with 
the solution. After 5-10 min. at 85°, pink spots 
appear. Quantities of 10-20 ygm. can be easily de- 
tected when the compounds are introduced to the 
chromatogram in 1 per cent solution. Spots con- 
taining more than about 50 ugm. of the compound 
are pink with a brown centre. The purine deoxy- 
ribosides react more rapidly than the pyrimidine 
derivatives, especially at 75°, due to their labile 
glycosidic linkage. There is, however, no difficulty 
in detecting the pyrimidine compounds. This is a 
distinct advantage over the earlier chemical tests, in 
which colour development with pyrimidine deoxy- 
ribosides is slow (in the Feulgen and Dische reactions), 
or which. lead to gross decomposition of the filter 
paper (Dische reaction)‘. A certain amount of care 
is necessary in handling chromatograms after treat- 
ment at 85°. The colours fade rapidly on exposuré to 
light, and if a permanent record is required it is 
advisable to photograph the chromatogram imme- 
diately after development of the colour. 

The Ry values of the naturally occurring deoxy- 
ribonucleosides in two solvent systems are given 
below. The butanol solvent gives fairly good resolu- 
tions of the pyrimidine deoxyribosides, while the 
alkaline phosphate system resolves the purine deriva- 
tives. 


catia Satna Peer See NS 8 Sere a A 








| 5 per cent | 
; | m-Butanol | Na,HPO, in | 
Compound | saturated | iso-amyl | 
| with water | alcohol 
} (ref. 10) 
| Cytosine deoxyriboside 0-23 | Cy ae 
| 5-Methyleytosine deoxyriboside | | 
| (ref. 11) 0-25 0-76 
| Thymine deoxyriboside 0-51 0°7 
| Uracil deoxyriboside 0-38 0-79 | 
| Adenine deoxyriboside 0-35 0°55 
| Guanine deoxyriboside 0-21 0-62 I 
Hypoxanthine deoxyriboside 0-23 0:7 
2-Deoxyribose 0:36 =| 0-87 
2-Deoxygalactose 0-23 0-86 
1 
J 





It is hoped that this technique, together with the 
phosphate spray of Hanes and Isherwood’? and the 
other procedures mentioned above, will facilitate the 
rapid analysis of compounds obtained by the degrada- 
tion of nucleic acids and in synthetic work in this 
field. 

My thanks are due to Drs. D. M. Brown, C. A. 
Dekker, D. T. Elmore and W. S. MacNutt for the 
gift of samples : to Prof. A. R. Todd for his encourage- 
ment, and to Glaxo Laboratories, Ltd., for a grant 
during the tenure of which this work was carried out. 

; J. G. BucHanan* 
University Chemical Laboratories, 
Cambridge. 
July 11. 

* Present address : Radiation Laboratory, University of California, 

Berkeley 4, California, U.S.A. 

1 Hotchkiss, J. Biol. Chem., 175, 315 (1948). 

2 a and Lester Smith, Biochem. J., 44, v (1949); 45, xii 

* Winsten and Eigen, J. Biol. Chem., 177, 989 (1949) ; 181, 109 (1949). 

* Buchanan, Dekker and Long, J. Chem. Soc., 3162 (1950). 

5 Shive, Sibley and Rogers, J. Amer. Chem. Soc., 78, 867 (1951). 

* Markham and Smith, Nature, 168, 250 (1949); Biochem. J., 45, 
294 (1949). 

7 Holiday and Johnson, Nature, 168, 216 (1949). 

* Dische. Proc. Soc. Exp. Biol. Med., 55, 217 (1944). 

* Stumpf, J. Biol. Chem., 169, 367 (1947). 

1 Carter, J. Amer. Chem. Soc., 72, 1466 (1950). 

11 Dekker and Elmore, J. Chem. Soc., 2864 (1951). 

12 Hanes and Isherwood, Nature, 164, 1107 (1949). 
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FORTHCOMING EVENT 


Thursday, December 27 


BRITISH PSYCHOLOGICAL SOCIETY, EDUCATION SECTION (in collab- 
oration with the CONFERENCE OF EDUCATIONAL ASSOCIATIONS, in 
the Great Hall, King’s College, Strand, London, W.C.2), at 2.30 p.m.— 
Dr. G. Brock Chisholm : ‘‘Social Responsibility, or Toward Maturity’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PHYSICAL CHEMIST (experience in instrumental analytical work 
and with isotopically labelled substances is desirable) as a Senior 
Research Officer in the Laboratory of Human Nutrition—The Director, 
University Laboratory of Human Nutrition, Churchill Hospital, 
Oxford (December 31). 

READER IN THE DEPARTMENT OF GEOGRAPHY in the Research 
School of Pacific Studies—The Administrative Officer in the United 
Kingdom, Australian National University, 27 Russell Square, London, 
W.C.1 (December 31). 

SENIOR LECTURER or LECTURER IN BACTERIOLOGY, a SENIOR 
LECTURER or LECTURER IN RADIOLOGY, and an ASSISTANT LECTURER 
IN PHYSICS, at University College, Ibadan, Nigeria—The Secretary, 
Inter-University Council for Higher Education in the Colonies, 
1 Gordon Square, London, W.C.1 (December 31). 

SENIOR SCIENTIFIC OFFICER (with a first- or second-class honours 
degree in physics, preferably with some years research experience) at 
the Road Research Laboratory, Harmondsworth, Middx., for work 
on the physical properties of bituminous road binders and surfacing 
materials—The Ministry of Labour and National Service, Technical 
and Scientific Register (K), Almack House, 26-28 King Street, Lon- 
don, 8.W.1, quoting A.313/51A (December 31). 

ASSISTANT LECTURER (graduate in physics, chemistry or metallurgy) 
IN DENTAL MATERIALS—The Registrars, The University, Manchester 13 
(January 1). 

CHIEF TECHNICAL OFFICER (with a University degree in agriculture, 
and wide experience of hill and upland farming and of the Highland 
area in particular) for the Hill Lands (North of Scotland) Commission 
—The Ministry of Labour and National Service. Technical and Scien- 
tific Register (K), Almack House, 26-28 King Street, London, 8.W.1, 
quoting G.402/51A (January 1). 

LECTURER IN PHARMACOLOGY in the Medical School, Dundee— 
The Secretary, The University, St. Andrews (January 1). 

BIOCHEMIST (with research experience) to work on problems con- 
nected with tissue metabolism and the metabolism of cancer producing 
substances—The House Governor, Royal Cancer Hospital, Fulham 
20ad, London, 8.W.3 (January 9). 

PRINCIPAL SCIENTIFIC OFFICER (with a first- or second-class honours 
degree in engineering, or corporate membership of the [.C.E., 1.M.E. 
or [.E.E.) in the Royal Naval Scientific Service at the Underwater 
Countermeasures and Weapons Establishment, Havant—The Civil 
Service Commission, Scientific Branch, Trinidad House, Old Burlington 
Street, London, W.1, quoting S.4108/52 (January 10). 

LECTURER IN MINERAL DRESSING AND ASSAYING in the Depart- 
ment of Chemical Engineering, University of Sydney—The Secretary, 
Association of Universities of the British Commonwealth, 5 Gordon 
Square, London, W.C.1 (January 12). 

RESEARCH OFFICER (with a University honours degree in science, 
with chemistry or biochemistry as major subject, or equivalent quali- 
fications) IN THE DIVISION OF FOOD PRESERVATION AND TRANSPORT 
at the State Abattoirs, Homebush Bay, N.S.W., to investigate the 
chemical constitution of plant and animal lipc)'s, and study changes 
in lipoids during storage—The Chief Scientific Liaison Officer, Aus- 
tralian Scientific Liaison Office, Africa Houss, Kingsway, London, 
W.C.2, quoting No. 3663 (January 12). 

ScrENTISTS II or III, for research in the telecommunications and 
light electrical engineering fields (Ref. TT/400), and ELECTRONIC 
ENGINEERS (Scientific Technologist, Grade I, or Senior Scientific 
Technologist), to design and construct electronic devices for research 
(Ref. T'T/401), at the Central Research Establishment, Stoke Orchard, 
Cheltenham—The National Coal Board, Establishments (Personnel), 
Hobart House, Grosvenor Place, London, 8.W.1, quoting the appro- 
priate Ref. No. (January 12). 

LEVERHULME RESEARCH STUDENTSHIP for research into some 
aspect of the history or archeology of London—The Secretary, 
London Museum, Kensington Palace, London, W.8 (January 15). 

MATHEMATICIAN to assist in the preparation of problems for an 
electronic computing machine (the EDSAC)—The Director, University 
Mathematical Laboratory, Free School Lane, Cambridge (January 15). 

NUFFIELD RESEARCH CHAIR OF MECHANICAL ENGINEERING at the 
New South Wales University of Technology—The Agent-General for 
New South Wales, 56 Strand, London, W.C.2 (January 19). 

PROFESSOR OF GEOLOGY, and a PROFESSOR OF ZOOLOGY—The 
Registrar, The University, Reading (January 21). 

CHAIR OF CHEMISTRY at the Royal Cancer Hospital—The Academic 
Registrar, University of London, Senate House, London, W.C.1 
(January 22). 

ASSISTANT EXAMINERS OF PAPER AND OFFICE REQUISITES (with 
such training in chemistry and physics as will enable them to investigate 
faults in paper of all kinds and stationers’ sundries, and to carry out 
tests appropriate to the examination of supplies for the public service), 
H.M. Stationery Office—The Secretary, Civil Service Commission, 
6 Burlington Gardens, London, W.1, quoting No. 205/52 (January 31). 

Cow AND GATE FELLOWSHIP for research into problems associated 
with nutrition in infants and children—The Registrars, The Univer- 
sity, Manchester 13 (January 31). 

PHYSICS GRADUATE, to assist in isotope tracer research (radio- 
active elements and mass-spectrometer)—The Professor of Physics, 
The University, Reading (January 31). 
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CHAIR OF ANATOMY—The Secretary, Queen’s University, leclfagt 
(February 20). 

ASSISTANT LECTURER, Grade B (with an honours degree in physics) 
IN THE DEPARTMENT OF PHYSICS—The Principal, Sir John Cass ( ollege 
Jewry Street, London, E.C.3. ® 

ASSISTANT METEOROLOGISTS in Nigeria—The Director of Recruit- 
ment (Colonial Service), Colonial Office, Sanctuary Buildings, (reat 
Smith Street, London, 8S.W.1, quoting No. 27118/5/51. 

GRADUATE IN PHYSICS OR PHYSICAL CHEMISTRY in the Division of 
Biophysics and Optics—The Director, National Institute for Medica} 
Research, Mill Hill, London, N.W.7. 

MATHEMATICIAN Or MATHEMATICAL PHYSICIST (with a good honours 
degree and, preferably, some knowledge of the theory of elasticity) 
for research in applied mechanics—The Personnel Officer, [ritish 
Iron and Steel Research Association, 11 Park Lane, London, \.1, 

PHYSICIST or MECHANICAL ENGINEER (honours degree in physies 
or mechanical engineering essential; good knowledge of applied 
mechanics and/or mechanical properties of metals necessary) to lead 
a team engaged on research into the mechanics of wire and bar draw- 
ing, and the mechanical properties of drawn wires and bars—The 
Personnel Officer, British [ron and Steel Research Association, 11 Park 
Lane, London, W.1, quoting ‘Wire Drawing’. 

PHYSICISTS and ELECTRICAL ENGINEERS (Scientific Officer grade) 
at an R.A.F. Signals Experimental Establishment in Norfolk—The 
Ministry of Labour and National Service, Technical and Scientific 
Register (K), Almack House, 26-28 King Street, London, 8.W.1, 
quoting A.380/51A. 

PRINCIPAL METALLURGIST IN THE RESEARCH AND DEVELOPMENT 
BRANCH, Windscale Works, Sellafield, Cumberland, to supervise the 
work of laboratories engaged on research into the metallurgy of radio- 
active materials—The Ministry of Supply, Division of Atomic Energy 
(Production), Risley, Warrington, Lanes, quoting Ref. 274. 

PRINCIPAL METALLURGISTS (with a first- or secoid-class honours 
degree in physics, physical chemistry or metallurgy, or equivalent 
qualification ; responsible post-graduate or research experience in 
fundamental investigations is essential) at the Metallurgical Labora- 
tories, Culcheth, Warrington: (a) to be responsible for the research 
work of laboratories engaged on studies of homogeneous and hetero- 
geneous equilibria, using methods of physical metallurgy, metallo- 
graphy, X-ray crystallography and electron microscopy, and on 
supporting studies for research work on powder metallurgy, electro- 
chemistry, surface chemistry and deformation of metals; (6) to be 
responsible for research into pyro-metallurgical problems ; (¢) to be 
responsible for research into powder metallurgy—The Ministry of 
Supply, Division of Atomic Energy (Production), Risley, Warrington, 
Lancs, stating post applied for and quoting Ref. 273. 

SCIENTIFIC ASSISTANT for greenhouse experiments, to take charge 
of the experimental work with sand cultures in connexion with in- 
vestigations on the mineral nutrition of crops, at the Research Station, 
Long Ashton—The Secretary, The University, Bristol. 

SENIOR EXPERIMENTAL OFFICERS and EXPERIMENTAL OFFICERS I¥ 
THE RESEARCH AND DEVELOPMENT BRANCH to undertake experi- 
mental work on a wide range of problems in organic and inorganic 
chemistry, chemical engineering, experimental physics, metallurgy, 
heat transfer, welding of non-ferrous and ferrous materials, and 
biology, at laboratories at Culcheth, Sellafield and Salwick—The 
Ministry of Supply, Division of Atomic Energy (Production), Risley, 
Warrington, Lancs, stating post applied for and quoting Ref. 276. 

SENIOR LECTURER IN MATHEMATICS—The [rincipal, Royal Teeh- 
nical College, Salford 5. 

SENIOR SCIENTIFIC OFFICERS (with a first- or second-class honours 
degree in chemistry, physics or metallurgy, or equivalent qualification) 
IN THE RESEARCH AND DEVELOPMENT BRANCH to undertake research 
work on a wide range of problems in organic and inorganic chemistry, 
physical chemistry, thermo-chemistry, surface chemistry, physics, 
physical metallurgy, mechanical properties of metals and the melting 
and casting of metals, at laboratories at Culcheth, Sellafield and Sal- 
wick—The Ministry of Supply, Division of Atomic Energy (Pro- 
duction), Risley, Warrington, Lancs, quoting Ref. 270. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Hull Bulletins of Marine Ecology. Vol. 2, Nos. 15 and 16: Con- 
tinuous Plankton Records. Fish Eggs and Young Fish in the North 
Sea, 1932-1939, by Dr. H. G. Stubbings; A Statistical Study of the 
Variability of Catches obtained with Two Models of the Hardy Plankton 
Indicator, by Dr. H. Barnes. . 277-293+plates 109-124. 78. 
Vol. 3, No. 19: The Identification and Classification of Lamellibranch 
Larvae. By C. B. Rees. Pp. 73-104+5 plates. 68. (Hull: Uni- 
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